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Vacancy Fluctuations in a Macroeconomic Model
with a Strategic Labor Input Target
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This study investigates the effects of changes in job-filling and job-separation rates on
economic fluctuations using an efficiency wage model. It introduces a relationship
between labor input and the strategic labor input target into the model. This framework
enables us to analyze situations in which vacancies exist, along with employment and
unemployment. In this study, the outward shift in the Beveridge curve is attributed to a
decline in the job-filling rate and/or an increase in the job-separation rate. An analysis of
responses to a positive productivity shock indicates that the changes in vacancies in
response to the shock do not necessarily lead to employment changes but depend on the
job-separation rate. This finding highlights the need to examine not only the change in
vacancies but also the job-separation rate when discussing economic policies.
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1 Introduction

At the macroeconomic level, job vacancies are a critical indicator for discussing or making
economic policies because they reflect labor market conditions. At the organizational level, job
vacancies play a crucial role in ensuring the necessary amount of employment. However,
vacancies may not always be filled due to disagreements over employment contracts. Cabo and
Martin-Roman (2019), Goux et al. (2001), and Nickell (1986) have discussed employment
fluctuations using dynamic models of labor demand, whereas Chiarini and Piselli (2005), Lindé
(2009), and Mitra et al. (2019) have analyzed them using dynamic general equilibrium models.
However, the employment fluctuations analyzed in these frameworks do not correspond to the
changes in vacancies. This gap in the literature highlights the need for a framework to analyze
changes in vacancies to formulate appropriate economic policies.
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In this context, this study analyzes vacancies using a model based on the efficiency wage
model of Collard and de la Croix (2000). The change in vacancies can be analyzed by
introducing the idea of a firm’s strategic labor input target. This target takes into account filling
a vacancy and leaving a job to employ adequate labor. The vacancies are expressed as the
difference between the strategic labor input target and employment. In this study, the firm
adjusts labor input to maximize profit by choosing the strategic labor input target, whereas in
the standard model, it chooses labor input.

In efficiency wage models, even if there is excess supply in the labor market, firms do not
reduce the wage because labor productivity depends positively on it. Four types of models are
found in the literature: shirking, adverse selection, labor turnover, and gift exchanges. In the
shirking model, firms pay higher wages to prevent workers from slacking because of the higher
cost of lost income (e.g., Gomme, 1999; Martin and Wang, 2020; Shapiro and Stiglitz, 1984).
In the adverse selection model, firms hire the best workers by offering higher wages (Weiss,
1980). In the labor turnover model, firms pay higher wages to reduce labor turnover and save
on training and hiring costs (e.g., Campbell 111, 1994; Salop, 1979; Stiglitz, 1974). In the gift
exchange model, employees work harder in return for higher pay from firms (e.g., Akerlof,
1982; Collard and de la Croix, 2000; Danthine and Kurmann, 2004; de la Croix et al., 2009;
Tripier, 2006). The present study extends the gift exchange model and analyzes how vacancies
behave in response to a temporary positive productivity shock.

This study finds that the responses of the other variables to a productivity shock are
consistent with the reactions of the standard efficiency wage model, which considers both
employment and unemployment. In the search and matching literature, employment,
unemployment, and vacancies coexist in the wage posting (Burdett and Mortensen, 1998;
Coles, 2001; Mortensen, 2003) or wage bargaining models (Cahuc et al., 2006; Mortensen and
Pissarides, 1994; Pissarides, 2000). By introducing a relationship between labor input and the
strategic labor input target into the efficiency wage model, this study depicts a situation in
which vacancies exist alongside employment and unemployment. Many studies, such as those
by Leduc and Liu (2016) and Zanetti (2019), assume the Cobb—Douglas function in the
matching function; the matches depend on the number of unemployed workers and vacancies.
In this study, the current labor input depends on vacancies and the labor input in the previous
period.

The study makes several contributions. First, it allows us to analyze situations in which
vacancies exist in addition to the employment and unemployment in the efficiency wage model
by introducing the relationship between labor input and the strategic labor input target. In the
steady state, the Beveridge curve is obtained, which presents the inverse relationship between
unemployment and vacancies, as shown in studies by Barlevy et al. (2024), Elsby et al. (2015),
and Duffy and Jenkins (2024). A decline in the job-filling rate and/or an increase in the job-
separation rate causes an outward shift in the Beveridge curve. Second, the simulations predict
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how the job-filling and job-separation rates influence the changes in employment and vacancies
in response to the productivity shock. The responses to the shock in terms of employment and
vacancies are not affected by the change in the job-filling rate. Furthermore, the response of
employment is not affected by the change in the job-separation rate, while the response of
vacancies reduces when the job-separation rate is higher. In this situation, the change in the
response of employment is not observed even if the firm increases vacancies significantly. This
indicates that focusing only on the changes in vacancies without paying attention to the changes
in job-separation rate can lead to the formulation of inadequate economic policies. Finally, the
numerical analysis shows that if effort sensitivity to the wage-to-alternative wage ratio is lower,
or if effort sensitivity to the current-to-previous wage ratio is higher, then the responses of
employment, the strategic labor input target, and vacancies are amplified. In addition to the
Collard and de la Croix (2000) model analysis, the study demonstrates the behavior of
vacancies.

The remainder of this paper proceeds as follows. Section 2 presents the dynamic general
equilibrium model and derives the Beveridge curve. Section 3 investigates the dynamics of the
model by conducting a numerical analysis. Section 4 concludes the paper.

2 The model

In this section, we provide a macroeconomic model with a strategic labor input target and
discuss the Beveridge curve. This framework is based on Collard and de la Croix’s (2000)
efficiency wage model of the gift exchange type, which we extend to investigate changes in job
vacancies.

The economy consists of a representative household and firm. The representative household
maximizes the following utility:

S 2
Z gt {logCt —d, [et — ¢ —vylog <MM:—E1> —log (W]ffl)] }

0

where 0 < 8 < 1 is the discount factor, C; consumption, e; effort, w, the wage rate, and w
the alternative wage rate. The parameter ¢p > 0 denotes the effort level that the household is
willing to provide, y > 0 expresses effort sensitivity to the wage-to-alternative wage ratio, and
1 > 0 represents effort sensitivity to the current-to-previous wage ratio. We assume that d; is
a dummy variable: d; = 1 iflabor is employed and d; = 0 otherwise. [f we assume y = 0, then
employment in the steady state cannot be expressed parametrically. If we assume ¥ = 0, then
employment remains constant over the business cycle.
The household’s budget constraint is

Ct+1t =Rth+Wt_WtUt (1)
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where I; is investment, R, is the rental rate of capital, K is capital, U, is the unemployment
rate, and w, U, is the unemployment insurance payment. We assume that U, = 1 — L;, where
L¢ is employment. The household supplies one unit of labor inelastically. We assume that an
unemployment insurance system exists, and the risk-averse household chooses to have full
insurance. The household receives w, — w, U, whether the agent is employed or unemployed,
when all agents pay the insurance premium w, U, to the insurance company, and unemployed
individuals receive the insurance benefit. If the unemployment insurance system is not
assumed, then the household's optimization problem would be complicated because the agent
can be employed or unemployed. The household history in the labor market should be
considered to solve the optimization problem in this case. Tripier (2006) assumes a similar
utility function and unemployment insurance system.

The law of motion for capital stock is as follows:

Kiy1 =1 —-08)K: + 1, ()

where 0 < § < 1 denotes the depreciation rate of capital. From Equations (1) and (2), the
constraint can be expressed as

Kiy1= R +1-968)K, +wy —w Uy — C; 3)

The household maximizes its utility subject to Equation (3). We assume K|, as given. The first-
order conditions for C;, e;, and K, are as follows:

C_t = A¢ 4)
er = ¢ +ylog (::—;) + yYlog (WV:;) 5
1= B2 (Reyy +1-0) (6)

where A, is the Lagrange multiplier. The effort is large when the wage-to-alternative wage ratio
is high and/or the current-to-previous wage ratio is high. We impose the following
transversality condition:

tlim BAKp1 =0
From Equations (4) and (6), the following Euler equation is obtained

= B(Reys +1-6) (7)
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The representative firm produces Y;, according to the following Cobb—Douglas production
function:

Y, = AtKéx(etLt)l_a (8)

where 0 < @ < 1 is the capital share in production and A; is productivity. We assume that
productivity follows a first-order autoregressive process.

logAy = plogA¢—1 + & )

where p is the autoregressive parameter and &; the shock to productivity.

To analyze the fluctuations in vacancies, we introduce the idea of the strategic labor input
target into the model. We assume that the firm adjusts labor input L, through adjusting the
strategic labor input target S;, considering the filling of vacancies and separations, and
recognizing that not all vacancies V; will be filled. The vacancies are assumed as follows:

Ve =358t — Lt (10)

Assuming A is the job-filling rate (4 of vacancies are filled), new hires are denoted by
A(S; — L;_1). Furthermore, if u is the job-separation rate (1 of the employment departs), then
separations are denoted by uL,_;. The labor input is expressed as L; = A(S; — L;—1) —
uLy_1 + Ly, and transformed as follows:

Le =2 — L) + (A — )Ly (11)

Equation (11) means that L; is the sum of new hires and those employees who do not leave.
The firm’s profit is

Ty = Athx(etLt)l_a — ReKy — wely

The firm chooses K;, w;, and S; to maximize profit, subject to Equations (5) and (11) as

follows:
R, = a;—i (12)
Le=01-aE(2h) (13)
wp=(1- a)Z—i (14)

41

www.RofEA.org



Review of Economic Analysis 18 (2026) 37-63

Using Equation (13) to eliminate (1 — ) Y;/(w;L;) from Equation (14), the effort level is
obtained as follows:

ee=y+y (15)

The effort level depends only on constant parameters. From Equations (5) and (15), the firm
controls the wage such that effort is constant over time. Moreover, Equation (15) corresponds
to a transformation of the Solow condition in which the elasticity of effort with respect to the

wage equals 1 as e(w;) = e'(w)w,. The alternative wage is assumed as
wit = wiLyg (16)

which is the average labor income.
The equilibrium in the goods market is

Ce+1, =Y, (17)

The model comprises variables Y;, Cy, It, K¢, Lt, St, Vi, Ry, Wi, Wi, e;, and A;. The system of
equations defining the model consists of Equations (2), (5), (7)—(12), and (14)—(17). This model
enables us to analyze situations in which vacancies exist in addition to employment and
unemployment in the efficiency wage model. The appendix presents the steady-state values.

In the steady state, we obtain the unemployment rate U and vacancies V as follows:

U=1—L=1—exp(%—1) (18)
V=5—L=%exp(¥—1) (19)

where L and S are the steady-state values of labor input and the strategic labor input target,
respectively. From Equations (18) and (19), we obtain the following negative relationship

between unemployment and vacancies:

U=1—%V (20)

which is a Beveridge curve. Equation (20) shows that the changes in A and u cause the
Beveridge curve to change. As Duffy and Jenkins (2024) note, an outward shift in the Beveridge
curve is associated with an increase in the mismatches in skills, an increase in separation, and
changes in worker search efforts. In this study, the outward shift in the Beveridge curve is

attributed to a decline in the job-filling rate and/or an increase in the job-separation rate.
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Proposition 1
A decrease in the job-filling rate and/or an increase in the job-separation rate causes an
outward shift in the Beveridge curve.

Labor market dynamics during the COVID-19 pandemic and the subsequent recovery have
been extensively studied. Pizzinelli and Shibata (2023) find that while mismatch temporarily
increased in the United States and the United Kingdom during the second and third quarters of
2020, it played only a limited role in slowing the pace of employment recovery. They argue
that, given the high level of vacancies, factors underlying the decline in labor supply are likely
to play an important role. Consolo and Petroulakis (2024) also show that mismatch in
unemployment was not a significant factor for the pandemic recession. Regarding the recovery
period, Barlevy et al. (2024) argue that it was characterized by both a rapid rise in labor demand
and a substantial increase in workers actively searching for new job opportunities. Crump et al.
(2024) point out that quits increased as people left their jobs to search for new opportunities.
Figura and Waller (2024) point out that job vacancies increased markedly as economic activities
restarted, and severe labor shortages resulted from decreased immigration and labor force
participation. The authors show that, since early 2022, job vacancies have declined significantly
while unemployment has remained largely unchanged. This little change in unemployment is
also observed in the labor markets of advanced economies, which experienced a marked
increase in vacancies during the pandemic.

Barlevy et al. (2024) also discuss the shifts in the Beveridge curve from 1970 to 2023 in the
United States. According to their study, the Beveridge curve shifted outward largely after the
pandemic in March 2020 due to an increase in unemployment inflows and then moved back
inward owing to rehiring. An increase in the number of employed workers looking for a new
job led to increased competition between the unemployed and employed, shifting the Beveridge
curve outward since early 2021. Conversely, a decrease in workers’ willingness to switch jobs
led to an inward shift of the Beveridge curve from early 2022. Our model is in line with the
Beveridge curve shifts during the pandemic recovery. As Equation (20) shows, the rise in u

shifts the Beveridge curve outward, and the decline in p shifts the curve inward.
From Equations (2), (5), (7), (8), (10)—(12), and (14)—(17), we obtain the following log-
linearized model:

—~ ~ I -
Kip1 = (1 = 6)K; +Elt (21)
W=—6,+Lwi+Lw (22)
E7yrp 8 Ty T8 Ty T ETL
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Ces1 = PRRyy1 + C; (23)

V,=A +aK, +(1—a)é, + (1 —a)L, (24)
Vt = % gt - ézt—l (25)

S, = ﬁzt +(1- ﬁ) Loy (26)

ﬁt = At - kt (27)

Ly=Y, —w, (28)

& =0 (29)

wit =W, + L, (30)
At:§?t_%ét (1)

where the variables with a hat represent a deviation from the steady state (e.g., L, =
(L; — L)/L), and the variables without subscript t are the steady-state values. The responses to
the productivity shock are determined by Equations (21)—(31). Additionally, from Equations

(25) and (26), the response of vacancies is expressed as follows:
~ 1 S - 1 S L]+
7= (o)l + (1= 227~ 7l e (32)

From Equations (26) and (32), and the steady-state value, the responses of the strategic labor

input target and vacancies depend on the job-filling and job-separation rates.

3 Numerical experiments

We conduct numerical analysis to investigate the effects of changes in the job-filling and job-
separation rates on labor market fluctuations when a shock to productivity occurs. We also
analyze the effects on labor market fluctuations of effort sensitivity to the wage-to-alternative

wage and current-to-previous wage ratios.

3.1 Baseline simulation

Following Collard and de la Croix (2000), we set the parameters, except for the parameters 4
and p, as displayed in Table 1. Parameters A and u are set to 0.9594 and 0.0985, respectively,

in the baseline simulation. To set A, we use the estimation results that the average daily job-
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Table 1. Model parameters

Parameter Value
a Capital share in production 0.36
B Discount factor 0.99
1) Depreciation rate of capital 0.025
A Job-filling rate 0.9594
U Job-separation rate 0.0985
y Effort sensitivity to the wage-to-alternative wage ratio 0.9
Y Effort sensitivity to the current-to-previous wage ratio 2.8

filling rate is 0.052, as estimated by Davis et al. (2013) using the Job Openings and Labor
Turnover Survey (JOLTS) data. Assuming that three months consist of 60 business days, the
quarterly job-filling rate is set to 1 — (1 — 0.052)®% ~ 0.9594. Leduc and Liu (2020) set the
monthly job-separation rate to 0.034 by using the JOLTS data. The quarterly job-separation
rate is set at 1 — (1 — 0.034)3 ~ 0.0985. From Equations (5), (15), and (16), in the steady
state, we obtain ¢p = y(logL + 1) + 1. The parameter ¢ is set such that L is 0.9. In the
baseline simulation, ¢ is set to 3.60518. Assuming & = 0 and A; = A;_; = A in the steady
state, the steady-state productivity A = 1 is obtained from Equation (9).

We assume a positive temporary shock and a positive permanent shock to productivity. The
temporary shock is assumed to increase productivity by 1% in period 0, that is, &; is set to 0.01,
and the & in the other periods are 0. Following Collard and de la Croix (2000), an
autoregressive parameter p is set to 0.95. The permanent shock is assumed to increase
productivity by 1% in period 0 and maintain it at that level thereafter, that is, &, is set to 0.01,
& in the other periods are 0, and p = 1.0.

Figure 1 presents the responses to a productivity shock. Productivity increases in period 0
and gradually returns to the steady state, according to Equation (9). The marginal products of
capital and labor increase due to the positive productivity shock. The increase in the demand
for capital and labor increases capital and employment, which increases output. To increase
labor input, the firm expands the strategic labor input target by considering the filling vacancies
and separations. The vacancies, or the difference between the strategic labor input target and
employment, increase. The increase in the demand for capital increases the rental rate of capital.
Furthermore, the wage increases because the firm adjusts it to maintain a constant level of
effort. If the firm does not raise the wage, effort decreases as the alternative wage increases, as

shown in Equations (5) and (16). A higher income induces higher consumption and investment.
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The responses of the variables are similar to those in standard business cycle models: output,
consumption, investment, capital, employment, rental rate of capital, and wages, all increase
with the increase in productivity. This model is distinctive in that the firm raises the wage to
avoid a lower effort level. In addition to the analysis in Collard and de la Croix (2000), this
model can examine vacancies in response to a productivity shock by introducing the
relationship between labor input and the strategic labor input target. The simulation results also
indicate a decrease in the unemployment rate and an increase in vacancies when the positive

shock occurs.

Fig. 1. Responses to a temporary productivity shock

Output Consumption Investment Capital
P 0.6 P 7.5 0.8 P
5.
0.3 0.4
2.5
0 0 0
100 200 0 100 200 0 100 200 0 100 200
Employment Strategic labor input target 8 Vacancies Rental rate of capital
2. . 2.
| 9. L
0
0 0 0
100 200 0 100 200 0 100 200 0 100 200
Wage rate ) Alternative wage rate Productivity
: 1.
1 0.5
0 0
100 200 0 100 200 0 100 200

Notes: The horizontal and vertical axes represent time and percentage changes,
respectively. The solid lines represent the percentage deviations of the variables from
their steady-state values when the productivity shock occurs. A positive temporary
productivity shock leads to an increase in all variables.

Figure 2 shows the responses to a permanent shock. Productivity increases in period 0 and
remains at that level thereafter. Similar to the case of the temporary productivity shock, the rise

in productivity increases all variables.
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Fig. 2. Responses to a permanent productivity shock

Output Consumption Investment Capital
: 2 7.5 2.
\ — 5.
. 1. L.
25
0 0 0
100 200 0 100 200 0 100 200 0 100 200
Employment Strategic labor input target 8 Vacancies Rental rate of capital
2. : 2.
9.
1 1
0
0 -9 0
100 200 0 100 200 0 100 200 0 100 200
Wage rate Alternative wage rate Productivity
. 2. 1 1.
. ( 1. 0.5
0 0
100 200 0 100 200 0 100 200

Notes: The horizontal and vertical axes represent time and percentage changes,
respectively. The solid lines represent the percentage deviations of the variables from
their steady-state values when the productivity shock occurs. A positive permanent
productivity shock leads to an increase in all variables

3.2 Changes in job-filling and separation rates

We analyze the effects of changes in the job-filling and separation rates on labor market
fluctuations. Figure 3 shows the relationship between A and the responses to a temporary
productivity shock in the model during the shock period. We assume that u is 0.0985, while 4
ranges from 0.01 to 0.99. The other parameters are the same as those in Subsection 3.1. The
numerical simulation indicates that a higher 4 reduces the response of the strategic labor input
target, while those of employment and vacancies are not observed. From Equation (26), the
response of the strategic labor input target in period 0 is given by S, = [1/(A + u)]L,, because
L_, is the steady-state value of employment and L_; = 0. From Equations (21)~(31) and
steady-state values, the response of employment L, is not affected by a change in A. Therefore,
an increase in A reduces S, . From Equation (32) and L_, =0, we obtain V, =

[1/(A+ w](S/V)Ly. From S/V =1 + A/u, we obtain V, = (1/u)L,. Therefore, the effect of
change in A on V; is not observed.
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Fig. 3. Job-filling rate and responses to a temporary productivity shock

Employment 1SStrategic labor input target 151 Vacancies
1.5 7.5 15.
1. 0. 14,
0 0.5 1. 0 0.5 l. 90 0.5 l.

Notes: The horizontal and vertical axes represent A and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. A higher job-filling rate reduces the response of the strategic labor input target,
while a change in the responses of employment and vacancies is not observed.

Figure 4 shows the relationship between A and the responses to a permanent productivity shock
in the model during the shock period. We assume that y is 0.0985, while A ranges from 0.01 to
0.99. The other parameters are the same as those in Subsection 3.1. Similar to the case with a
temporary productivity shock, the numerical simulation indicates that a higher A reduces the
response of the strategic labor input target, while the responses of employment and vacancies
remain unaffected.

Fig. 4. Job-filling rate and responses to a permanent productivity shock

Employment 1Sstratf:git: labor input target 151 Vacancies
1.5 7.5 15.
1. 0. 14.
0 0.5 1. 0 0.5 1. 90 0.5 1.

Notes: The horizontal and vertical axes represent A and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. A higher job-filling rate reduces the response of the strategic labor input target,
while a change in the responses of employment and vacancies is not observed.

Proposition 2
Assuming that the job-filling rate is higher, the response of the strategic labor input target
is reduced, while a change in the responses of employment and vacancies is not
observed.

Figure 5 shows the relationship between u and the responses to a temporary productivity shock

in the model during the shock period. The parameter A is set to 0.9594, while u ranges from
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0.01 to 0.99. The other parameters are the same as those in Subsection 3.1. The numerical
simulation indicates that a higher u reduces the responses of the strategic labor input target and
vacancies. As in the case of A, an increase in u does not affect the responses of employment Lj.
An increase in p reduces the strategic labor input target Sy = [1/(A + u)]L,. From ¥, =
(1/u)Ly, an increase in p leads to decreases in V.

Fig. 5. Job-separation rate and responses to a temporary productivity shock

Employment 1Sérategic labor input target 150 Vacancies
100.
1.5 1.
50.
1, 0.4 0
0. 0.5 l. 0. 0.5 1. 0. 0.5 1.

Notes: The horizontal and vertical axes represent ¢ and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. A higher job-separation rate reduces the responses of the strategic labor input
target and vacancies, while a change in the response of employment is not observed.

Figure 6 shows the relationship between p and the responses to a permanent productivity shock
in the model during the shock period. The parameter A is set to 0.9594, while u ranges from
0.01 to 0.99. The other parameters are the same as those in Subsection 3.1. Similar to the case
with a temporary productivity shock, the numerical simulation indicates that a higher y reduces
the responses of the strategic labor input target and vacancies. The response of employment is
not affected by the change in p.

Fig. 6. Job-separation rate and responses to a permanent productivity shock

Employment ISgrategic labor input target 150 Vacancies
100.
1.5 1.
50.
1, 0.4 0.
0. 0.5 l. 0. 0.5 1. 0. 0.5 1.

Notes: The horizontal and vertical axes represent u and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. A higher job-separation rate reduces the responses of the strategic labor input
target and vacancies, while a change in the response of employment is not observed.
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Proposition 3

Assuming that the job-separation rate is higher, the responses of the strategic labor input
target and vacancies are reduced, while a change in the response of employment is not
observed.

The results indicate the need to examine not only the change in vacancies but also the job-
separation rate when formulating or discussing economic policies. If we focus only on a
significant increase in vacancies, even though u is low, we anticipate a significant increase in
employment. If so, an adequate economic policy for reducing the unemployment rate cannot be
implemented because the significant increase in vacancies can be caused by the low p.

Although the increase in productivity presents an increase in employment in this study,
Mandelman and Zanetti (2014) demonstrate a negative response of labor input to a positive
productivity shock because of an increase in hiring costs through the increase in productivity.
Mumtaz and Zanetti (2016) show that a positive productivity shock makes a larger output
possible with fewer labor inputs, which reduces employment. These findings are in line with
Gali’s (1999) estimation results. Therefore, extending this model to study the negative response
of employment should be necessary.

3.3 Effect of changes in effort sensitivity on wage rates

As shown in Equation (5), the large effort is driven by the high ratios of the wage to the
alternative wage and of the current wage to the previous wage. We analyze how effort
sensitivity of these ratios affects labor market fluctuations.

Figure 7 shows the relationship between y and the responses to a temporary productivity
shock in the model during the shock period.

Fig. 7. Effort sensitivity to the wage-to-alternative wage ratio and responses to a
temporary productivity shock

Employment Stzratcgic labor input target 20 Vacancies
1.5 1.5 15.
1. 1. 10.
0.5 1. 1.5 0.5 1. 1.5 0.5 1. 1.5

Notes: The horizontal and vertical axes represent y and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. As y increases, the responses of the variables are reduced.
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The parameter y ranges from 0.5 to 1.5. The other parameters are the same as those in
Subsection 3.1. An increase in effort sensitivity to the wage-to-alternative wage ratio reduces
the responses of employment, the strategic labor input target, and vacancies.

In Equation (5), the large y indicates a high weight of the wage-to-alternative wage ratio.
From Equations (5) and (16), the weight of the inverse of employment is high when y is large.
If employment increases, the effort level decreases significantly. Therefore, the response of the
strategic labor input target is smaller to reduce the response of employment, and the response
of vacancies is reduced.

Figure 8 shows the relationship between ¥ and the responses to a permanent productivity
shock in the model during the shock period. The parameter y ranges from 0.5 to 1.5. The other
parameters are the same as those in Subsection 3.1. Similar to the case of the temporary
productivity shock, an increase in effort sensitivity to the wage-to-alternative wage ratio

reduces the responses of employment, the strategic labor input target, and vacancies.

Proposition 4

Assuming that effort sensitivity to the wage-to-alternative wage ratio is higher, the

responses of employment, the strategic labor input target, and vacancies are reduced.

Figure 9 shows the relationship between 1) and the responses to a temporary productivity shock
in the model during the shock period. The parameter ¥ ranges from 0.5 to 3.5. The other
parameters are the same as those in Subsection 3.1. An increase in effort sensitivity to the
current-to-previous wage ratio amplifies the responses of employment, the strategic labor input
target, and vacancies. In Equation (5), the large Y indicates the large weight of the current-to-
previous wage ratio. Even if the wage rate does not increase much, the effort level increases
significantly. From Equations (5), (15), and (16), the response of employment is large enough
to keep the effort constant in situations where changes in wages exert a greater influence on
effort. The response of the strategic labor input target is larger in order to significantly increase
employment, and the response of vacancies is amplified.

Figure 10 shows the relationship between 1 and the responses to a permanent productivity
shock in the model during the shock period. The parameter 1) ranges from 0.5 to 3.5. The other
parameters are the same as those in Subsection 3.1. Similar to the case of the temporary
productivity shock, an increase in effort sensitivity to the current-to-previous wage ratio

amplifies the responses of employment, the strategic labor input target, and vacancies.
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Fig. 8. Effort sensitivity to the wage-to-alternative wage ratio and responses to a
permanent productivity shock

Employment Stéatc gic labor input target 20 Vacancies
1.5 1.5 15.
1. 1, 10.
0.5 1. 1.5 0.5 1. 1.5 0.5 1. 1.5

Notes: The horizontal and vertical axes represent y and percentage changes, respectively.
The lines represent the percentage deviations of the variables from the steady-state
values. As y increases, the responses of the variables are reduced.

Fig. 9. Effort sensitivity to the current-to-previous wage ratio and response to a temporary
productivity shock

5 Employment Stzratcgic labor input target 8 Vacancies

1. / 1. / 9.

0 0 0

05 15 25 35 05 15 25 35 05 15 25 35

Notes: The horizontal and vertical axes represent 1 and percentage changes,
respectively. The lines represent the percentage deviations of the variables from the
steady-state values. As 1 increases, the responses of the variables are amplified.

Fig. 10. Effort sensitivity to the current-to-previous wage ratio and responses to a
permanent productivity shock

) Employment Stzrategic labor input target 18 Vacancies

L. / 1. / 9.

0 0 0

05 1.5 25 35 05 15 25 35 05 15 25 35

Notes: The horizontal and wvertical axes represent Y and percentage changes,
respectively. The lines represent the percentage deviations of the variables from the
steady-state values. As 1) increases, the responses of the variables are amplified.
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Proposition 5
Assuming that effort sensitivity to the current-to-previous wage ratio is higher, the
responses of employment, the strategic labor input target, and vacancies are amplified.

This study shows the effects of changes in y and i on not only employment fluctuations but
also vacancies by introducing the relationship between the labor input and the strategic labor
input target. The responses of employment and vacancies to the productivity shock are
amplified by the decrease in y and the increase in Y in the model simulations. The results for
the alternative parameter values are discussed in Appendix B, and those for productivity shocks
of different magnitudes are discussed in Appendix C.

4. Conclusions

The introduction of the relationship between the labor input and the strategic labor input target
into the macroeconomic model allows for an analysis of the Beveridge curve and changes in
vacancies, in addition to the employment dynamics. Our model shows that a decrease in the
job-filling rate and/or an increase in the job-separation rate causes an outward shift in the
Beveridge curve. It explains the Beveridge curve shifts during the COVID-19 pandemic
recovery. The rise in the job-separation rate due to the increase in the number of employed
workers searching for a new job shifts the Beveridge curve outward, and the decline in this rate
caused by the decrease in workers' willingness to switch jobs shifts the curve inward. This result
highlights the importance of paying attention to the job-separation rate in formulating economic
policies.

This study shows a higher job-filling rate reduces the response of the strategic labor input
target, while a change in the responses of employment and vacancies is not observed.
Furthermore, a higher job-separation rate reduces the responses of the strategic labor input
target and vacancies, while a change in the response of employment is not observed. If we focus
only on the significant increase in vacancies, even if the job-separation rate is lower, we may
anticipate a significant increase in employment. The economic policy would then be inadequate
in terms of reducing the unemployment rate because the substantial changes in vacancies in
response to the shock do not lead to significant employment changes in this situation. Thus, not
only changes in vacancies but also the job-separation rate must be considered when making or
discussing economic policies. Additionally, the analysis indicates that if effort sensitivity to the
wage-to-alternative wage ratio is higher, the responses of employment, the strategic labor input
target, and vacancies are reduced. If effort sensitivity to the current-to-previous wage ratio is
higher, the responses of the variables are amplified.

Certain issues remain unresolved. The job-filling and job-separation rates, the main
parameters in this study, can be influenced by wage gaps arising from factors such as firm or
household heterogeneity. Firms that pay relatively higher wages are expected to have higher
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job-filling rates and lower job-separation rates, and vice versa. The increase in the response of
wage gaps to the shock is likely to amplify the response of these rates as well. Additionally, an
increase in matching efficiency and recruiting intensity may raise the job-filling rate, and an
increase in the willingness to switch jobs may increase the job-separation rate. Similarly, an
increase in the willingness to work is likely to increase the job-filling rate and decrease the job-
separation rate. Thus, examining the underlying decision-making mechanisms is crucial.
Although a positive productivity shock increases employment in our study, some studies have
demonstrated a negative response of labor input to a positive productivity shock. Therefore,
extending this model to study the negative responses to employment will be necessary.

Future studies could extend the model to heterogeneous households and firms to investigate
endogenous job-filling and separation rates, as well as to analyze how changes in labor market
institutions affect the response of employment.

Appendix A: The model in steady state

In the steady state, from Equations (2), (5), (7)~(12), and (14)—(17), we obtain

I=6K (A1)
e=¢+ylog (=) (A2)
1=B(R+1-0) (A3)
Y = AK%(eL)'™® (A4)
V=S5-1 (A5)
logA = plogA (A6)
L=(3)s (A7)
R=a- (A8)
w=Q1-a); (A9)
e=y+y (A10)
w? = wlL (A1)
C+I=Y (A12)
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where Y, C,I,K,L,S,V,R, w,w?, e, and A are the steady-state values. From Equation (A6),
we obtain A = 1. By substituting Equations (A10) and (A11) into Equation (A2) to eliminate
e and w?, we obtain logL = (¢ —)/y — 1. From exp(logL) = L, we transform logL =
(¢ —y)/y — 1 as follows:
_ v _
L=exp( - 1) (A13)

Using Equation (A13) to eliminate L from Eq. (A7), we obtain S as follows:
— 1 -y _
§=(1+5)exp (T 1) (A14)

From Equations (AS), (A13), and (A14), we obtain V as follows:

From Equation (A3), we obtain R as follows:
R=p1+6-1 (A15)

Using Equations (A8) and (A10), and A = 1 to eliminate Y /K, e, and A from Equation (A4),
we obtain K/L = {R/[a(y + ¥)1~*]}~1/A-®) By substituting Equation (A15) into this
equation, we obtain

-1
K _ [ B 1+6-1]1-a
L a(y+w>1-a] (A10)

Using Equation (A13) to eliminate L from Equation (A16), we obtain K. By substituting K into
Equation (A1), we obtain /. By substituting Equation (A10), Equation (A13),A =1, and K
into Equation (A4), we obtain Y. Using Equation (A10) and A = 1 to eliminate e and A from
Equation (A4), we obtain

Y—

L= g (B) (A17)

L

From Equations (A9), (A16), and (A17), we obtain w. By substituting Equation (A13) and w
into Equation (A11), we obtain w?. Using Equation (A12) to eliminate / from Equation (A1)
and multiplying 1/L, we obtain

c-ryst (A18)
L L L

From Equations (A13) and (A16)—(A18), we obtain C.
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Appendix B: Robustness of the numerical experiments under alternative
parameter values

We analyze the effects of changes in A, u, ¥y, and ¥ on labor market fluctuations under
alternative parameter values. Following Chéron and Langot (2004), parameters «, 3, and § are
set to 0.4, 0.985, and 0.012, respectively. The parameter ¢ is set such that L is 0.9.

Figure B1 shows the relationship between A and the responses to a temporary productivity
shock in the model during the shock period. We assume that A ranges from 0.01 to 0.99. The
parameters u, y, and ¥ are the same as those in Subsection 3.1. Similar to the results in
Subsection 3.2, the numerical simulation indicates that a higher A reduces the response of the
strategic labor input target, while a change in the response of employment and vacancies is not
observed.

Figure B2 shows the relationship between u and the responses to a temporary productivity
shock in the model during the shock period. We assume that p ranges from 0.01 to 0.99. The
parameters A, ¥y, and Y are the same as those in Subsection 3.1. Similar to the results in
Subsection 3.2, the numerical simulation indicates that a higher u reduces the responses of the
strategic labor input target and vacancies, while a change in the response of employment is not
observed.

Figure B3 shows the relationship between y and the responses to a temporary productivity
shock in the model during the shock period. The parameter y ranges from 0.5 to 1.5. The
parameters A, u, and Y are the same as those in Subsection 3.1. Similar to the results in
Subsection 3.3, an increase in effort sensitivity to the wage-to-alternative wage ratio reduces
the responses of employment, the strategic labor input target, and vacancies.

Fig. B1. Job-filling rate and responses to a temporary productivity shock with alternative
parameter values

Employment Strategic labor input target Vacancies
15. 14.2
1.5 7.5 14.15
1. 0. 14.1
0 0.5 1. 0 0.5 1. 0 0.5 1.

Notes: The horizontal and vertical axes represent A and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. A higher job-filling rate reduces the response of the strategic
labor input target, while a change in the responses of employment and vacancies is not
observed.
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Fig. B2. Job-separation rate and responses to a temporary productivity shock with
alternative parameter values

Employment Strategic labor input target | Vacancies
1.5 50.
100.
1.5 1.
50. \
1, 0.5 0
0. 0.5 1. 0. 05 1. 0. 0.5 1.

Notes: The horizontal and vertical axes represent u and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. A higher job-separation rate reduces the responses of the

strategic labor input target and vacancies, while a change in the response of employment
is not observed.

Fig. B3. Effort sensitivity to the wage-to-alternativewage ratio and responses to a
temporary productivity shock with alternative parameter values

Employment ?t%atcgic labor input target 20 Vacancies
15 1.3 \ 15,
1. 0.8 10.
0.5 1. 1.5 0.5 1. 1.5 0.5 1. 1.5

Notes: The horizontal and vertical axes represent y and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. As y increases, the responses of the variables are reduced.

Fig. B4. Effort sensitivity to the current-to-previous-wage ratio and response to a
temporary productivity shock with alternative parameter values

Employment SEratcgic labor input target 18 Vacancies
0 0
05 15 25 35 05 15 25 35 05 15 25 35

Notes: The horizontal and vertical axes represent Y and percentage changes,
respectively. The lines represent the percentage deviations of the variables during the

shock period from the steady-state values. As 1 increases, the responses of the variables
are amplified.
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Figure B4 above shows the relationship between 1 and the responses to a temporary
productivity shock in the model during the shock period. The parameter i ranges from 0.5 to
3.5. The parameters 4, u, and y are the same as those in Subsection 3.1. Similar to the results
in Subsection 3.3, an increase in effort sensitivity to the current-to-previous wage ratio
amplifies the responses of employment, the strategic labor input target, and vacancies.

Appendix C: Robustness of the numerical experiments under productivity
shocks of different magnitudes

We investigate labor market fluctuations under productivity shocks of different magnitudes.
The temporary productivity shocks are assumed to increase by 1%, 3%, and 5% in period 0,
respectively.

Figure C1 shows the responses to the productivity shocks. The parameter ¢ is set such that
L is 0.9. The other parameter values are the same as those in Subsection 3.1. A large
productivity shock amplifies the fluctuations. The responses of all variables are positive, as in
Subsection 3.1.

We also analyze the effects of changes in A, p, y, and ¥ on labor market fluctuations under
productivity shocks of different magnitudes. Figure C2 shows the relationship between A and
the responses to temporary productivity shocks in the model during the shock period. We
assume that A ranges from 0.01 to 0.99. The parameter ¢ is set such that L is 0.9, with other
parameters the same as those in Subsection 3.1. The numerical simulation indicates that a higher
A reduces the response of the strategic labor input target, while a change in the responses of
employment and vacancies is not observed. The relationship between A and the responses
remains unchanged across productivity shocks of different magnitudes.

Figure C3 shows the relationship between u and the responses to temporary productivity
shocks in the model during the shock period. We assume that u ranges from 0.01 to 0.99. The
parameter ¢ is set such that L is 0.9. The other parameters are the same as those in Subsection
3.1. The numerical simulation indicates that a higher u reduces the responses of the strategic
labor input target and vacancies, while a change in the response of employment is not observed.
Thus, the relationship between p and the responses remains unchanged across productivity
shocks of different magnitudes.

Figure C4 shows the relationship between y and the responses to temporary productivity
shocks in the model during the shock period. The parameter y ranges from 0.5 to 1.5. The
parameter ¢ is set such that L is 0.9. The other parameters are the same as those in Subsection
3.1. An increase in effort sensitivity to the wage-to-alternative wage ratio reduces the responses
of employment, the strategic labor input target, and vacancies. Thus, the relationship between
y and the responses remains unchanged across productivity shocks of different magnitudes.
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Fig. C1. Responses to temporary productivity shocks

Output Consumption Investment Capital
12. P 3= P 40. 4— P
8./ 2f
i 20,1 PR NN
. 0 Qi 0 |
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
g Employment 8Stratt:gic: labor input target 90 Vacancies . Rental rate of capital
i 60. 8./
4.4 4.1 ! i
| | "l o
0 ‘L——— 0 ‘r—-“ -30 'ir 0 k‘:.—::f-‘--'
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
6 Wage rate . Alternative wage rate Productivity
" " 5 1
4] ' — 1%
72 e A A 3%
........ 5%
0
0 50 100 150 200 0 50 100 150 200 0 50 100 150 200
Notes: The horizontal and vertical axes represent time and percentage changes,
respectively. The lines represent the variables’ percentage deviations from their steady-
state values when the productivity shock occurs. A large productivity shock amplifies
their response.
Fig. C2. Job-filling rate and responses to temporary productivity shocks
Employment Strategic labor input target Vacancies
90. 90.
........................................................................................ — 1%
6 60 60 | 3%
3, (1) S A 3%
0 0
0 0.5 L. 0 0.5 L.

Notes: The horizontal and vertical axes represent A and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. A higher job-filling rate reduces the response of the strategic
labor input target, while a change in the responses of employment and vacancies is not
observed.
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Fig. C3. Job-separation rate and responses to temporary productivity shocks

Employment 0 Strategic labor input target 900 Vacancies
........................................... | — 1%
6. 6f e 0.0 || 3%
3, 3T o 30 L """" 5%
— 0 N
0 0
0, 0.5 L. 0. 0.5 L. 0. 0.5 1.
Notes: The horizontal and vertical axes represent ¢ and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. A higher job-separation rate reduces the responses of the
strategic labor input target and vacancies, while a change in the response of employment
is not observed.
Fig. C4. Effort sensitivity to the wage-to-alternative wage ratio and responses to
temporary productivity shocks
Employment | 1Strategic labor input target " Vacancies
' — 1%
R e _ S R 3%
] 53 S e 5%
0 0 0
0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

Notes: The horizontal and vertical axes represent y and percentage changes, respectively.
The lines represent the percentage deviations of the variables during the shock period
from the steady-state values. As y increases, the responses of the variables are reduced.

Figure C5 shows the relationship between 1) and the responses to a temporary productivity
shock in the model during the shock period. The parameter 1 ranges from 0.5 to 3.5. The
parameter ¢ is set such that L is 0.9. The other parameters are the same as those in Subsection
3.1. An increase in effort sensitivity to the current-to-previous wage ratio amplifies the
responses of employment, the strategic labor input target, and vacancies. Thus, the relationship
between 1 and the responses remains unchanged across productivity shocks of different

magnitudes.
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Fig. C5. Effort sensitivity to the ratio of the current-to-previous wage ratio and responses
to temporary productivity shocks

Employment QStrategic labor input target 90 Vacancies
’ ’ ' — 1%
6. 6. 60. } -eee 3%
3| T 3 e 0. T 5%
0 0 0
0.5 1.5 25 35 0.5 1.5 25 35 0.5 1.5 25 35

Notes: The horizontal and vertical axes represent 1 and percentage changes,
respectively. The lines represent the percentage deviations of the variables during the
shock period from the steady-state values. As 1 increases, the responses of the variables
are amplified.
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