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Search, Technology Choice, and Unemployment

Constantine Angyridis & Haiwen Zhou

Abstract

Technology variations among countries account for a significant part of their income
differences. In this paper, a firm’s technology choice is embedded in a search theoretic framework
for unemployment. A more advanced technology is assumed to have a higher set up cost, but it is
more productive. The model is tractable and the following results are derived analytically. An
increase in the unemployment benefit leads to an increase in the equilibrium wage rate, giving an
incentive to firms to choose a more advanced technology. Thus, this result regarding
unemployment insurance in models with wage posting carries through with Nash bargaining as
well. As a consequence, the equilibrium unemployment rate increases. Furthermore, an increase
in the bargaining power of workers increases the unemployment rate, but has an ambiguous impact
on the equilibrium level of technology and the wage rate. Finally, an increase in the exogenous job
separation rate or the interest rate increases the unemployment rate and decreases the wage rate
but does not affect the equilibrium level of technology.
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JEL Classification Numbers: E23, J64

1. Introduction

The issue of the appropriate choice of production technology is common for firms facing
different market sizes and endowments of resources. Young (1928) has argued that the size of the
American market was bigger than that of Britain. This led American firms choose mass production
technologies, which may not have been profitable in Britain. Differences in technology choice
among countries have significant implications. For example, Comin and Hobijn (2010) study the
diffusion of 15 technologies for 166 countries, and find that cross-country variation in technologies
is responsible for more than one quarter of per capita cross-country income differences. When
firms choose among different technologies, they frequently face the tradeoff between fixed and
marginal costs of production. Here are two examples of this tradeoff. First, Prendergast (1990)
studies empirical regularities concerning technology choices in several industries. He finds that
marginal costs of production of firms decrease when firms adopt technologies with higher levels
of fixed costs. Second, one of the most important innovations in the transportation sector in the
20" century is the adoption of containers. Before the adoption of containers, longshoremen

conducted loading and unloading of goods. Containerization is a technology with much higher



fixed costs (shown in specially designed container ports, container ships, and cranes) but much
lower marginal costs of production.

However, the potential impact of technology on unemployment has been a largely
contentious issue in the economics literature. One strand argues that the adoption of labor-saving
technologies displaces workers resulting in higher unemployment. The view of higher
unemployment being the outcome of new technologies used in the production process is commonly
referred to as “technological unemployment”. Critics of this view argue that firms’ savings from
lower production costs caused by new technologies are passed on to the consumers in the form of
lower prices. In turn, the demand for products adjusts quickly to these prices prompting firms to
increase production without destroying jobs. For example, Autor and Salomons (2018) show that
while innovations reduce labor demand directly, indirect effects (own-industry output effects;
cross-industry input—output effects; between-industry shifts; and final demand effects) actually
increase labor demand. Overall, technological innovations need not reduce aggregate labor
demand.

Our theoretical results are consistent with the view of unemployment as technology
induced. Autor et al. (2003) document the reduction in the labor input of routine manual and
cognitive tasks due to computerization in U.S. industries between 1960 and 1998. Similarly, Goos
et al. (2014) show that recent technological change in 16 Western European countries over the
period 1993-2010 is biased towards replacing labor in routine tasks. In addition, Morin (2015)
studies the effects of cheaper electricity in the U.S. labor market during the Great Depression. The
author finds that firms adjusted to this labor-saving technology by decreasing employment instead
of increasing their output production.

The search model developed by Peter Diamond, Dale Mortensen, Christopher Pissarides,
and others provides an elegant approach to explain the existence of equilibrium unemployment
based on micro-foundations. This model has been used as a workhorse to address various issues
such as employment fluctuation in business cycles, coordination failure in macroeconomics
(Diamond, 1982), and the impact of opening to international trade on a country’s unemployment. !
To the best of our knowledge, technology choice has not been incorporated into search type

models.

! See Mortensen and Pissarides (1999) and Albrecht (2011) for surveys of this line of literature.
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This paper contributes to the literature by introducing technology choice by firms into the
search model of unemployment of Pissarides (2000). This extension to the benchmark search
model is useful in providing a more detailed modeling of firm behavior. In our framework, when
a firm creates a vacancy, it chooses from a set of different technologies. A technology with a higher
set up cost is more productive. The tractability of the model allows us to show analytically that an
increase in the unemployment benefit leads to an increase in the equilibrium wage rate. This
provides an incentive to firms to choose a more advanced technology. This, in turn, results in the
equilibrium unemployment rate increasing. Furthermore, an increase in the bargaining power of
workers increases the unemployment rate. However, the impact on the equilibrium level of
technology is ambiguous because an increase in the bargaining power of a worker reduces a firm’s
surplus from job creation but makes it easier to find a match.

Interestingly, a change in the exogenous job separation rate does not affect the equilibrium
level of technology. The reason for this result is as follows. There are two effects when the
exogenous job separation rate changes: a direct effect from the change in the marginal
unemployment benefit and an indirect effect on the possibility of finding a match through labor
market tightness. Since the two effects work in opposite directions and they cancel out each other
in equilibrium, the equilibrium level of technology does not change with the exogenous job
separation rate. Similarly, a change in the interest rate does not affect the equilibrium level of
technology.

The above results are broadly supported by the empirical evidence. For instance, the
positive association in our model between automation and wages is consistent with the empirical
results of Graetz and Michaels (2018) who analyze the impact of industrial robots using data on a
large panel of industries in 17 countries from 1993-2007. The authors find that the increased use
of robots in the production process has a positive and statistically significant effect on average
wages. In terms of our predicted increase in the unemployment rate, Graetz and Michaels’s (2018)
estimation results suggests that while the reduction in total employment is not significant, the use
of robots reduced the hours of both low and middle-skilled workers.

Hagedorn et al. (2013) develop a new econometric methodology to measure the effect of
changes in the unemployment benefit on the job creation decisions by firms during the Great
Recession. The empirical results of these authors are consistent with the theoretical predictions of

our model: higher unemployment benefits raise equilibrium wages leading to a significant



reduction in job vacancy creation, a contraction in employment and a rise in the unemployment
rate.

On the other hand, bargaining power of workers can be readily identified with labor unions.
While the Canadian and U.S. economies are similar, Partridge (2001) finds that lower U.S.
unionization is important in explaining greater relative unemployment rates in Canada in the
1990s. Pantuosco et al. (2001) use a panel of 48 U.S. states for the 1978-1994 period to estimate
the effects of unions on the labor market. The estimated effects of these authors agree with the
prediction of our model that an increase in the bargaining power of workers raises the
unemployment rate. However, this paper does not deal with the issue of technology adoption.
Furthermore, the effect of unions on the wage rate is positive while in our case it is ambiguous.

The effect of trade unions on technological innovation is the subject of the paper by
Menezes-Filho and Reenen (2003). In addition to reviewing the theoretical literature on this topic,
these authors also survey several empirical studies. The estimated effects for North America
appear to be statistically significant and negative on a consistent basis, while unions do not appear
to have any impact on technological innovation in Europe. In our view, the lack of a uniformly
strong result in one direction or the other in empirical work lends support to the theoretical
ambiguity that arises in our model.

Relative to the benchmark search model of Pissarides (2000), while some results generalize
to the incorporation of the choice of technology, others turn out to be ambiguous in our model. For
example, while an increase in the bargaining power of a worker increases the wage rate in
Pissarides (2000), the impact is ambiguous in our model.

In the literature on search and unemployment, Pissarides (1984) has studied a model in
which workers can choose search intensity and firms can choose the level of job advertising. There
are some significant differences between his model and ours. First, in his model, wage
determination is not studied. The author is mainly interested in showing that there is no market
wage rate that is socially efficient. In our model, the wage rate is determined through Nash
bargaining. We are mainly interested in studying the impact of technology choice on the wage rate
and the unemployment rate. Second, in his model, when a firm chooses a higher level of
advertising, the rate for a firm to find a match increases, but the output of a firm does not change.
In our model, if a firm spends more in maintaining a vacancy, the rate for a firm to find a match is

not directly affected and the output of a firm increases. Pissarides (1985) conducts comparative



studies on the impact of a simultaneous change in the setup cost of a firm and output of a worker.
In this model, we make this simultaneous change a choice variable and, thus, endogenously
determined. Acemoglu and Shimer (2000a) have studied a stimulating model in which firms
choose their capital stock. One difference between their model and ours is that in their framework
wages are not negotiated between a firm and a worker through Nash bargaining as in the present
model. Instead, wages are posted by firms which endogenize bargaining power. These authors are
mainly interested in addressing the issue of whether the market outcome is socially efficient. Thus,
the focus of their work is significantly different from ours. We show that the result in Acemoglu
and Shimer (2000b) regarding unemployment insurance carries through with Nash bargaining and
without even assuming risk aversion.

In Ramsey and Watson (1997), like in the prisoner’s dilemma, both firms and workers have
incentives to provide “low effort” even though “high effort” will be beneficial to them. The firm
chooses its technology and the tradeoff it faces is as follows: a higher level of investment is costly
but makes the contract more robust to negative shocks. A firm may choose a less durable contract
when the possibility of a bad state is low. Their efficiency wage setup is different from the search
framework used here.

The paper is organized as follows. Section 2 describes the model and establishes the steady-
state equilibrium conditions. Section 3 conducts comparative statics to explore the properties of
the steady state. Section 4 studies short-run dynamics around the steady state. Finally, Section 5

discusses some generalizations and extensions of the model, and concludes.

2. The model

We follow Pissarides (2000) in setting up the model. There is a fixed number of workers
normalized to one. The unemployment rate is u. There is unlimited supply of potential firms. Firms
decide whether to create vacancies. The vacancy rate is v. The ratio between the unemployment
rate and the vacancy rate is called labor-market tightness:

0 =v/u.

Unemployed workers and vacancies are matched through a matching function. The rate at
which vacant jobs become filled is q(8) = m(u/v, 1). Thus, q'(6) < 0. Following Pissarides
(2000), the elasticity of q(8) is assumed to be a number between 0 and -1.



There is no on-the-job search for an employed worker. A job lasts until an exogenous job
shock occurs.? The exogenous job separation rate faced by an employed worker is §. Let a dot
over a variable denote its time derivative. With the unemployment increasing at the rate of §(1 —
u) and the new employment rate rising by 8q(6)u, the evolution of the unemployment rate is as
follows:

u=hL =61—-u)—0q(6)u. (1)

In a steady state, the unemployment rate does not change: 1 = 0. Therefore, it follows from

equation (1) that the steady-state unemployment rate is given by

5
U= 550q00) (2)

For a firm considering creating a vacancy, like Zhou (2004, 2009, 2011, 2013, 2021), Gong
and Zhou (2014), and Ma, Wang, and Zeng (2015), there are different technologies indexed by a

positive number n. If a firm chooses technology n, it incurs a fixed cost f(n) per unit of time. The

value of a job’s output is ¢(n). A more advanced technology has a higher set up cost but is more

productive. That is, f'(n) > 0 and ¢p'(n) > 0. To make sure the second order condition for a

firm’s optimal choice of technology is satisfied, we also assume that f''(n) = 0 and ¢''(n) < 0.

The exogenously given interest rate is r. The present-discounted value of expected profit

from an occupied job is denoted by J. The present-discounted value of expected profit from a
vacant job is V. The asset equation for a vacancy is given by

V=V =~f(n)+q@)(J-V) 3)

Since there is free entry in the creation of vacancies, the value of a vacancy is zero. From

the steady-state equilibrium condition V =V = 0, we have

=
/= e @

The wage rate is w and the job yields return ¢(n) — w. When a job experiences an adverse
shock, it leads to a loss of J. Thus, the asset equation for a firm with a worker is
r]=J=¢m)—w-4J. (5)
In a steady state, / = 0. Plugging the value of ] from equation (4) into equation (5) yields

@) _
¢(n) —w @) 0. (6)

2 Elsby and Michaels (2013) have studied a model with endogenous job destruction. In their model, productivity
shocks may lead to job destruction. Firms may have decreasing returns to scale, and this makes bargaining in a search
setting challenging to analyze.



Let U and W denote the present-discounted value of the expected income stream of an
unemployed and an employed worker, respectively. When unemployed, a worker’s return is equal
to z. This return can be interpreted as an unemployment benefit or the benefit from enjoying
leisure. The asset equation for an unemployed worker is

rU—U=2z+0q(0)(W - ). (7)
In contrast, for an employed worker, the flow return is w and the asset equation is
W —W=w+8§U - W). 8)

The wage rate is determined by Nash bargaining between the worker and the firm. The
bargaining power of a worker is denoted by £, which is a constant between zero and one. As in
the literature, this means that § percent of the joint surplus created from a match between a worker
and a firm goes to the worker. With the outside option U for the worker and V for the firm, the
joint surplusis J; + W; — V — U. Here, subscript i refers to a worker. Thus, Nash bargaining yields

W, —U=p(,+W;, =V -=U). 9)
From equations (5), (8), and (9), we get

w; =rU + Blp(n) — rU]. (10)
Furthermore, from equations (4), (7), and (9), we have

rU=z+%9f(n). (11)

In equilibrium, we drop subscript i. Plugging equation (11) into equation (10) yields the
following equation for the wage rate:
w=(1-p)z+B[¢pMm) +6f(n)]. (12)
Our equation (12) is similar to equation (1.20) in Pissarides (2000, p. 17) and the
interpretation is similar. The average hiring cost for an unemployed worker is 8f (n) and this term
enters the wage equation because workers will be rewarded for the saving of hiring costs that a
firm enjoys when a job match is formed.

From equations (5) and (12), we get
J = 1-P)lp(n)—z]-pOf(n)

r+6
In addition, from (3) and (13), we get

rV = —f(n) + q(g) [ SR _y),

r+6

(13)




A firm takes labor market tightness 6 as given and chooses technology n to maximize its
expected value. From the above equation, the first order condition for a firm’s optimal choice of

nis

+

In equation (14), when a firm chooses its technology, it recognizes that this choice will affect the
wage of a worker. From equation (12), the wage rate increases with the level of technology. That
is, a firm’s incentive to choose a more advanced technology is smaller because a portion of the
gains from higher productivity will go to the worker.

In a steady state, variables do not change over time. In this long run equilibrium, equations
(2), (6), (12), and (14) form a system of four equations defining four variables w, 6, u, and n as
functions of exogenous parameters. For this set of four variables, while w and n are choice
variables and can jump over time, u will evolve only gradually according to equation (1). Since 6

is a ratio involving u, labor market tightness 0 is also a state variable.

3. Steady state
Since equation (2) defines u separately from the other variables, we can focus on the
system of equations (6), (12), and (14) defining three endogenous variables w, 8, and n as

functions of exogenous parameters.>

lecp(n)—w—%z : (152)
0,=(1-Rlpt) -7 - F [po + 2] = 0, (15b)
0y = —f'(n) + q(0) [LLLLALO] _ (15¢)

We next follow Turnovsky (1977, chap. 2) to explore the properties of the steady state.
Partial differentiation of the system of equations (15a)-(15¢) with respect to w, 8, n, B, r, z, and

S yields*

3 Equation (15b) is derived from combining equation (12) with (15a).
4 Equation (15¢) is used to show that 802, /0n = 0.
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0 0 20 dw ap oz ar 98 dr | (16)
6.03 6!23 d@ 6!23 6!23 6!23
23 o i3 9% dd
on 26 ap or a6

Let 4 denote the determinant of the coefficient matrix of endogenous variables in (16):

_ 99,00, 00
~ ow a6 on’
g oy . . 20, 20, 203
Partial differentiation of equations (15a)-(15¢) yields a0 < 0, 0 < 0, and - < 0. Therefore,

A < 0. With 4 being nonsingular, it follows that a unique steady state exists. With existence and
uniqueness established, we now explore the properties of the steady state.

When the unemployment benefit increases, the opportunity cost for a worker from being
employed rises. The following proposition studies the impact of a change in the unemployment

benefit on technology choice and the labor market.

Proposition 1: An increase in the unemployment benefit leads a firm to choose a more
advanced technology and labor-market tightness declines. Both the wage rate and the
unemployment rate increase.

Proof: An application of Cramer’s rule to (16) yields

dn _ 0!21 6.(22 O.Q3

dz ow 0z 06 /A >0,
a6 00,00,00,
dz ow 0z 6n/A<0’

dw _ 6.(22 (6.(21 6!23 _ 6.(21 6!23)
dz 0z

With 6 decreasing and the elasticity of g(6) being a number between 0 and -1, it follows from

equation (2) that the unemployment rate increases as z increases. m

The intuition behind Proposition 1 is as follows. When the unemployment benefit
increases, the value of the outside option for a worker becomes higher. Through Nash bargaining,
the wage rate increases higher. When the wage rate is higher, a firm chooses naturally a more
advanced technology in order to save on its labor cost. This reduces the amount of vacancies
created and equilibrium unemployment rate increases. The results here that the wage rate increases
and labor-market tightness declines are consistent with those in Pissarides (2000, p. 21). However,

the effect on the production technology is new.



In their theoretical model, Acemoglu and Shimer (1999) have established a very interesting
result that a higher unemployment benefit makes risk-averse workers more interested in higher
paying jobs which induces firms to create more productive employment opportunities for them.
Acemoglu and Shimer (2000b) have demonstrated that “unemployment insurance increases labor
productivity by encouraging workers to seek higher productivity jobs, and by encouraging firms
to create those jobs.” Note that although our model does not yield any results on social welfare,
Acemoglu and Shimer (2000b) further show quantitatively that a higher unemployment insurance
benefit in the US would generate a higher social welfare. We view the results of our Proposition 1
as complementary to the results of these authors since we show that their result regarding
unemployment insurance is robust to our alternative setup with Nash bargaining.

Bargaining power of workers could be affected by labor legislation which can adjust the
generosity of the unemployment benefit and, thus, enhance the bargaining power of workers.
When the bargaining power of the worker increases, the bargaining power of the firm decreases
correspondingly. The following proposition studies the impact of a change in the bargaining power

of workers on endogenous variables.

Proposition 2: An increase in the bargaining power of workers reduces labor-market
tightness and increases the unemployment rate. However, the impact on the level of technology
and the wage rate is ambiguous.

Proof: An application of Cramer’s rule to (16) yields

a6 _ 90,00, 003

g~ ow aB On/A<0’

dn _ 6!21 (6.(22 6.03 6.(22 6.03)

dg ~ ow \ 9B 260 a6 0B

dw _ (6.(21 O.QZ 6!23 6.01 6.(22 6.03 0.01 6!22 0.03) /A (17)
dg ~ \o0 ap on ' on 00 4B  on 9B 00 :

00,003 00,005 .

Since the sign of 35 36 26 a8 ambiguous, the sign of — 1s ambiguous. Furthermore, since

00100,00; | 00,00,00; 00,00, 003

the sign of 90 9B on ' on 96 4B  on AB 96

is ambiguous, the sign of & —ﬁ is ambiguous as

well. Finally, with 8 decreasing and the elasticity of q(0) being a number between 0 and -1, it

follows from equation (2) that the unemployment rate increases. m
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We next determine sufficient conditions that allow us to sign the derivatives in the

comparative statics of Proposition 2. Combining equations (15b) and (15¢), we obtain

00,005 _ 99005 _ apfr  a'f q’
%5 96 o0 ap — o) - 7] (£ - q) fo (5 + )-

Thus, if ¢' is sufficiently large (that is, the productivity of a worker increases at a relatively fast

00,005 00,005

rate with the level of technology), 38 00 00 0B

< 0. In this case, Z < 0 and the sign ofi—z is

007003 80,003

ambiguous. In contrast, if —= 93 20 00 0B

>0, then—ﬁ>0a d—>0

The intuition behind Proposition 2 is as follows. When a worker’s bargaining power
increases, the firm’s surplus becomes lower. This reduces the firm’s incentive to create a vacancy.
Therefore, on aggregate, the number of vacancies created and labor-market tightness both decline.
From equation (15c¢), other things equal, there is a negative relationship between the level of
technology and labor market tightness. When a worker’s bargaining power increases, there are two
channels affecting the level of technology chosen by a firm. First, since the benefit to the firm from
choosing a more advanced technology decreases, the direct channel is that the firm tends to choose
a less advanced technology. Second, through labor market tightness, the indirect channel is that
the firm tends to choose a more advanced technology because it is now easier to find a match.

The two effects work in opposite directions. Without additional structure, the impact of an
increase in the bargaining power of a worker on the equilibrium level of technology is ambiguous.
Since the wage rate is affected by the level of technology, the impact of an increase in the
bargaining power of a worker on the equilibrium wage rate is also ambiguous. On the other hand,
if the equilibrium level of technology increases with a worker’s bargaining power, equation (17)
implies that the direct effect of an increase in the bargaining power on the wage rate and the indirect
effect through technology choice work on the same direction and the equilibrium wage rate
increases. Here the result that an increase in the bargaining power of workers has an ambiguous
impact on the wage rate is different from that in Pissarides (2000, p. 21) where the wage rate
unambiguously increases with a worker’s bargaining power. The reason for this difference is that
the incorporation of the choice of technology leads to one additional effect which is absent in
Pissarides.

The exogenous job separation rate can be affected by economy wide shocks, such as the
eruption of COVID-19 which could increase this rate. When the level of the exogenous job

separation rate increases, the labor market becomes less efficient. The following proposition
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studies the impact of a change in the exogenous job separation rate on the endogenous variables

of the model.

Proposition 3: An increase in the exogenous job separation rate decreases labor-market
tightness and the unemployment rate increases. The equilibrium level of technology does not
change and the wage rate declines.

Proof: An application of Cramer’s rule to (16) yields
d6 90,00, 003
ds ~ ow 88 on
dn _ 0!21 (6!22 6.03 O.QZ 6!23)

/A <0,

a5 ow \as 46 a6 as /4,
dw _ (6.(21 O.QZ 6!23 6.01 6.(22 6.03 0.01 6!22 6.03 6!21 O.QZ 6!23) /A
ds  \ a0 a5 on ' an 96 a5 a5 80 on  an 95 06 :

From equations (15b) and (15¢),

20,00, 00200y _ [ (0 W) _ p(p_ (i) S
q r+6 q? T+8

a5 96 00 s q
00,003 00, 00,
a5 96 090 35
90100, 00; | 00,00;00;  00,00,00; 00,090,005 _ 00,00, 00; 00, 00, 005
90 35 on ' On 00 35 35 00 on  On A5 90 90 38 on 35 90 on

Thus, Z—Z = 0. Since = 0, it follows that

From equations (15a) and (15c), it can be shown that

20,

’ (r+8)f' ’ ’
—L=¢' — =B’ +BOf' >0.

—
00,00, 00,00,  f?

B dw
> 90 85 as a0 q <0, thus d5<0'

Furthermore, from equations (15a) and (15b)
Finally, with 6 decreasing and the elasticity of q(8) being a number between 0 and -1, it follows
from equation (2) that the unemployment rate increases. Also, there is a direct effect of an increase
in § on the unemployment rate. Both effects work in the same direction increasing the

unemployment rate. m

The intuition behind Proposition 3 is as follows. When the exogenous job separation rate
increases, the expected job duration decreases and the value of a job to the firm declines. This
reduces a firm’s incentive to create a vacancy and, as a consequence, labor-market tightness
declines. When the job separation rate rises, there are two channels affecting the equilibrium level
of technology. First, since the expected job duration is shorter and thus the marginal benefit of

choosing a more advanced technology decreases, the direct channel is that a firm tends to choose
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a less advanced technology. Second, through labor market tightness, the indirect channel is that a
firm tends to choose a more advanced technology since it is easier to find a match. Overall, the
two effects cancel out each other and the level of technology does not change. When the
equilibrium level of technology does not change, the impact of an increase in the exogenous job
separation rate on the wage rate is then the same as in Pissarides (2000).

Finally, when the interest rate rises, an individual discounts the future at a lower rate. The
following proposition studies the impact of a change in the interest rate on the endogenous

variables of the model.

Proposition 4: An increase in the interest rate decreases labor-market tightness and the
unemployment rate rises. Furthermore, the equilibrium level of technology does not change and
the wage rate decreases.

Proof: An application of Cramer’s rule to (16) yields

46 00, 00, 005
dr ow or On/A<0’

dn _ 6!21 (6!22 6.(23 6.(22 6!23)/
b

ar 90 90 or
aw (an1 00,003 | 00, 00,00; 00, 00,00; 90,00, 303) /

dr ow

ar 30 or on ' on 90 or or 00 on  on or 06

From equations (15b) and (15c¢),

00,005 00,005 _ [(Lf’_ﬂ)_ ( _M)f_'_
q r+68 f '8 q2 r+6_0'

ar 060 06 or q
002,003 00,003
ar 00 00 or
002,00, 003 | 002,002,003 00,002,003 00,00,003 002,002,003 00,100,003

06 or on on 06 or adr 06 dn on OJr 06 06 o0r on or 06 on’

Thus, i—: = (. Since = 0, it follows that

- 00,00, _ 00,00, _ _ 18 aw -
From equations (15a) and (15b), 20 ar or 90 - 4 < 0, thus - < 0. Furthermore, with

6 decreasing and the elasticity of q(8) being a number between 0 and -1, it follows from equation

(2) that the unemployment rate increases. m
The intuition behind Proposition 4 is as follows. The impact of a change in the interest rate

is similar to that of a change in the exogenous job separation rate. When the interest rate increases,

this reduces the number of vacancies created and the unemployment rate increases. Like the above
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discussion, the equilibrium level of technology does not change and the equilibrium wage rate

decreases.

4. Short-run dynamics
In this section, we study the short-run dynamics around the steady-state of the model. Let
7 denote a positive constant. To make the presentation easier, we specify the set-up cost of a firm

and output of a worker as follows:
f(n) = %nz, (18a)

¢(n) =n. (18b)
Substituting equations (18a) and (18b) into equation (14), the level of technology can be
expressed as

_ (1-p)qO)
T T(r+6+B6) (19)

Let a bar over a variable denote its steady-state value. Linearization of equation (19) yields

1-Pla' @ T+5+BO)-B 1.5 5
T(r+8+p )2 ©—0). (20)

n—n=

In addition, linearization of equation (4) around the steady state results in

@ f@ .5 ~
J=IE+ G =M~ Fasd 00 - ) o
Plugging equation (20) into equation (21), we obtain
fm o [1@) A=Pla' @) r+6+8 )=pal _ S 105 -
j =I5+ LR TRy @| -0, @2

Furthermore, partial differentiation of (22) yields

N VD) (1—3)[Q'(9)(r+5+ﬁ9)—3q] f ()
J= q(@) T(r+8+56)2 (e)q( )] (23)

In addition, from equations (5) and (12), we have
J=0+8)]+Bf(n) + (1 - B)(z— p(n)). (24)
Finally, substituting equations (22) and (23) into equation (24) yields

f100) A=P)a' O)r+6+8 )=Bal _ FGD) 1 7]
G (r+6+6)? 2@ 1 (9)] 0

— )lf fmA=Blg'6)r+8+p6)—Bq]  f()

(9) q(6) T(r +6 + p0)> q(6)
+B6f (@) + (1 — B[z — ()]

q'(é)l 6 - 5)]
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In the above equation, variables 6 and q are evaluated at their steady-state values. From

the above equation, we can derive the following equation defining the evolution of labor-market

tightness:
Y= — q BOf(M)+(1-p)[z—p ()]
O=1=(+0)0 -9~ smapy@usrs ) pq_s@ (B (25)
MG) T(r+6+B )2 2@7®

The following proposition studies the stability of the steady state.

Proposition 5: The steady state is a saddle point.
Proof: Equations (1) and (25) form a system of two equations defining the evolution of two

variables u and 6.

W\ _[ou a6 | (U
- ) @
00
From partial differentiation of equations (1) and (25), it is clear that % <0, % <0, and

d . ) ) . ) . . :
6—1;2 > 0. Since the determinant of the coefficient matrix of system (26) is negative, this system is

saddle-point stable. m

The result in Proposition 5 that the steady state is a saddle point is similar to that in
Pissarides (2000, chap. 1). When there is a shock to the steady state, labor market tightness will
immediately reach its new steady state value, while the unemployment rate will adjust gradually

according to equation (3) to its new steady state value. The phase diagram is shown in Figure 1.

Figure 1: Phase diagram
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5. Conclusion

Technology variations play a significant role in explaining cross-country income
differences. In this simple model, we have studied the impact incorporating the choice of
technology into a search theory framework for unemployment. We have derived the following
results for the steady state. An increase in the unemployment benefit increases the wage rate and
the unemployment rate and leads a firm to choose a more advanced technology. An increase in the
bargaining power of workers increases the unemployment rate but has an ambiguous effect on the
equilibrium level of technology and the wage rate. Furthermore, an increase in the exogenous job
separation rate or the interest rate increases the unemployment rate and decreases the wage rate.
Interestingly, the equilibrium level of technology does not change with the exogenous job
separation rate or the interest rate.

There are some interesting generalizations and potential extensions to the model. First, in
our framework, job destruction is exogenous. It will be useful to incorporate endogenous job
destruction into the model. Second, wage rigidity is frequently observed in real world economies.
One interesting avenue for future research is to study the choice of technology under competitive
search. This extension can reduce the high degree of flexibility of the wage rate. Third, technology
choice in this model is captured as the tradeoff between productivity and fixed cost, which does
not depend on any characteristics of firms. By introducing some sort of firm heterogeneities such
as size or age heterogeneity, technology choices would depend on the current status of firms. A
firm’s technology is frequently positively associated with its level of output. To allow differences
in firms’ output, firms could engage in oligopolistic competition. It is likely that a firm with a
higher level of output will choose a technology with a higher fixed cost because this cost can be
spread to a higher level of output, thus causing average cost to be lower. Fourth, a fruitful
generalization of this model is to make the job separation rate endogenous. Then, the impact of
labor protection laws, such as the easiness or cost related to firing workers in the US versus Europe
and China, on the unemployment rate can be addressed.

Finally, one interesting research question is how automation, robots, or capital adoption
impacts the labor market. To address this kind of question, Acemoglu and Restrepo (2018)
consider different types of tasks (routine vs. non-routine) and labor (high skill vs. low skill, abstract
skill vs. routine skill). They classify technologies into different types, some of which substitute for

labor while others serve as complements to it. Following their lead, labor market heterogeneity
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can be incorporated into our model. Thus, the implications of technology choice on the

unemployment rate may vary across different labor markets.
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