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Abstract:

The paper devlops an empirical model of the Australian labor market to assess the impact

of supply shocks on employment and unemployment. The model is calibrated by using actual gross labor
market flow data for Australia combined with estimates of job destruction and job creation. Simulation
experiments are conducted through impulse response analysis. An asymetric response of employment and
unemployment to adverse shocks is a feature of the model.
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1. INTRODUCTION

Recent research into the dynamics of labour mar-
kets has emphasized the significant volatility as-
sociated with the employment adjustment pro-
cesses as evidenced by the relatively large flows
of workers and jobs compared to the associated
changes in stocks of employment and unemploy-
ment. The relative size of labour market flows
and stocks in Australia and the cyclical and secu-
lar properties of flows have been well documented
[Leeves, 1997]. However, most macro modelling of
the Australian labour market focuses on the ad-
justment of stocks in the labour market [Stacey
and Downes, 1995; Murtough, Pearson and Wre-
ford, 1998; Downes and Bernie, 1999] which fails
to recognise the extent of dynamics in the adjust-
ment process. There has been an attempt to rec-
oncile the stock and flow changes in the economy
[Borland, 1996b] using a simple accounting type
framework. As yet, there has been no modelling of
the stocks and flows relationships to analyse the
Australian labour market in a general equilibrium
setting. '

This paper will develop an equilibrium job search
model that draws upon Gautier and den But-
ter [1997], den Butter and Gorter [1999] and der
Linden and Dor [2001] and calibrates the model
to Australian data to investigate the adjustment
dynamics of the flows of jobs and workers be-
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tween labour market states. Two models are used.
First, there is a basic model (Model 1) that treats
all flows of workers between the labour market
states of unemployment, employment and not-in-
the-labour force and the flows of jobs (job de-
struction and job creation) as exogenous. Then
the model is extended (Model 2) by allowing job
creation to be endogenously determined. This is
achieved by including a wage determination and
vacancy supply processes. The paper builds upon
previous models in two ways. Firstly, we are more
explicit about the timing of wage formation and
vacancy supply. Secondly, we relax the assumption
that firms exploit all profitable vacancies in each
period, which assumes that there is no deviation
from the equilibrium vacancy supply curve. We
find that this produces dynamic effects in unem-
ployment in response to adverse shocks that char-
acterise the asymmetry observed in Australian un-
employment rates [Bodman, 1997; Borland and
Kennedy, 1998].

2. THE MODEL

There are four labour market stocks in the model;
employment, unemployment, vacancies and not-
in-the-labour-force. Flows of persons between
these stocks are denoted as Fixy for the flow be-
tween x and y; so the flow of people from employ-

1415



ment to unemployment is Fgy. Vacancy inflows
and outflows, the flows of jobs, are denoted by VI
and VO respectively. Following Gautier and den
Butter [1997] the asset value of being employed is:

F .
rWg =w— %U-[WE - Wu] + Wg (1)

where r represents the discount rate, w is the
wage, Wg is the asset value of being employed,
Wy is the asset value of being unemployed, Fgy
is the flow of workers from employment to un-
employment and E is the employment stock. The
equivalent expression for the asset value of unem-
ployment is:

F; .
rWy =b+ _Z—E[WE - Wyl + Wy (2)

where b is unemployment benefits, expressed as
a proportion of the wage level, and U is the
unemployment stock. The asset value of a filled
job is:

_ MgnFEN + T Fry T
7 (Wr —Wy]

—w—71+Wp (3)

Wr = y

where y is added value per worker, 7 is a lump
sum employers payroll tax. m, is the probability
of a quit occuring, which is multiplied by the
associated wealth change due to the quit. Finally,
there is the asset value of an unfilled vacancy

Fygv + Fngv
Foev 3 TNev vy —wy)

—c+ Wy (4)

Wy =

where ¢ are the fixed costs of a vacant job per
period (posting a vacancy, searching for applicants
and selecting them). The asset value of a vacancy
is the probability that it will be filled multiplied
by the associated change in wealth when the
vacancy is filled less the fixed costs of a vacancy.
The surplus of a match is shared between worker
and employer according to the following Nash
bargaining rule

maxQ(w;) = [Wg ~ WyP[Wr — Wy]' =% (5)

wi
If § = 0.5 then workers representatives (unions)
and employers organisations are equally powerful.

The first order maximisation condition for worker
and employer surplus is

(1-BWg -~ Wy) = (Wr —Wy)  (6)
Solving for w gives

_ Bly+e—1)é+ (1 Bk
r+ (1= B)(& + &) + Pl

(7)

where

b = re g
& = r+&ht+8s
& = TgnFEN + TquFEU
2= E
& = Fygv + FNgv
&= v
¢ = Lue Feu

U E

w is increasing in y,c and b and decreasing in 7.
Using (3) and (4) gives the equilibrium stock of
vacancies as:

_ (Fupv + Fyev)ly—w—T)
V= c(r+ &) ®)

We assume that Wy = 0, this implies that
in equilibrium (steady-state) all profitable job
opportunites are exploited by firms. Firms will
advertise only the warranted amount of vacancies.

The central feature of the model is a dynamic
Cobb Douglas matching process where a distinc-
tion is drawn between short-term (Us < 1 year)
and long-term (Uy, > 1 year) unemployed.

Fypvs = cn Vi *(Usi—1 + 0UL+—1)" 9)

cm represents the efficiency of the matching pro-
cess, a is the parameter of the Cobb Douglas
function and @ is a measure of the duration de-
pendence; the escape probability from long-term
unemployment. As with Gautier and den Butter
[1997] there are various duration classes of unem-
ployment, and there is an escape propability from
short-term unemployed (7g) and long-term unem-
ployed (7). We allow for the escape probablilities
to change over time. They are represented respec-
tively by:

U0,

by = —-— 10
St Usig—1+0UL ;-1 (10
Lt = 07l's,t (11)
where UO; = Fygyy+UOgxs

Now, the inflow into unemployment for the first
duration class is:

Uy =UIL 12)

For subsequent duration classes, unemployemnt is
given by:

Ukt = (1—ms)Uk—1,-1 (13)
12

Us,t = Z Uk,t (14)
k=1

Urg = Ui—Ugy (15)
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By definition the outflow of vacancies matched
with unemployed is equal to the flow from unem-
ployment to vacancies (job creation) in the time
period, so that:

VOu,: = Fugvy (16)

Finally, the equations of motion that close the
model are:

Vi = Viahn+ VL=V (17)
= ‘/t—l + VIt — VOU,t — VOEX,t (18)

VI; = V;—Vi_1+VOuy: +VOgx,: (19)
Uiy = Uit +UL-UO; (20)
= U1+ Feus + Ulgx,:
—Fypvs —UOgpx (21)
E, = E,,+EIL—-EOQ, (22)
Ei—1 + Fypv,: + Elpx
—Fpyt — EOpx, (23)

The inflow to unemployment (UI) consits of job
destruction Fgy and the residual Ulgx, a com-
posite flow made up of inflows from employ-
ment not associated with job destruction and non-
participants who register as unemployed. The out-
flow from unemployment (UO) consists of Fygy
the flow into employment associated with job cre-
ation and UOgx which consists of inflows to em-
ployment not related to job creation and flows of
workers from unemployment to outside the labour
force. A similar breakdown can be applied to in-
flows and outflows to the other states.

Model 1, where job creation is exogenous, consists
of equations 9, 10, 13, 14, 15, 18, 21 and 23.
For the extended model, model 2, we endogenises
job creation through the addition of dynamic
equations for wages and vacancies.

Equations 7 and 8 determine the equilibrium set-
ting of wages and vacancies following the Nash
bargaining rule. We assume that this equilibrium
setting occurs at each of the (discrete) time peri-
ods in the model, and that bargaining takes place
on the previous data set. Thus the dynamic ver-
sions of equations 7 and ‘8 have w; and V; on
the left-hand-sidé and the previous time period’s
stocks on the right-hand-side (i.e. E;_;, V;_; and
Ui_1). To allow for the partial adjustment of va-
cancies to changes in the asset value of a filled job
or an unfilled vacancy we add a multiplicative pa-
rameter, a (0 < a < 1) to equation 8. Further, we
assume that there is a constant component (w) to
wages and the wage bargaining is concerned with
a top-up component. The wage equation then be-
cormes:

Bly+e—T1)os+ (1 — B)bli
+ (1= B)(&a,t + &3,e) + Béay

w=w+ (24)

Table 1. Numerical values for baseline model (Number
of persons/jobs x 1000) annual averages).
Variable | Value | Variable | Value

U 750 Fgy 600
E 8,600 Ulgx 2,100
v 75 UOgpx 2,500
0 0.5 Elgx 3,300
a 0.5 EOgx 2,900
VI 600 T 0.08
VOu 200 w/y 0.8
VOEX 400 b/w 0.5
T 0.01 cly 0.9
a 0.1 w 0.3
where
Frus | Fueg
boe = T E_, U
&g = TH&i+E;
TonFEN: + TouFEU+
&0 = i
t—1
Fypvi+ FNEevs
& = v
t—1
Fup: | Feug
bar Ui—1 + Ei

The dynamic vacancies equation becomes:

o(Fyeve + Fneve)(y —wim1 — 7)
V. = ! : 25
t c(r+&4-1) (25)

Model 2 is made up of equations 9, 10, 13, 14, 15,
19, 21, 23, 24 and 25.

3. CALIBRATION

We solve the model to determine the steady-state
and use this as a baseline model for impulse re-
sponses. Further, part of the solution is to de-
termine the efficency parameter in the matching
function, ¢, as it is determined by other param-
eters. We obtain differing steady-state values, and
hence initial values to the simulations of stocks
and flows depending on the different models. The
values contained in Table 1 are considered to be a
reasonable approximation of the Australian econ-
omy in 1998. The job destruction (Fgy) and cre-
ation (VI) levels of 600,000 jobs per year are
supported by empirical evidence [Borland, 1996a;
Mumford and Smith, 1996; Leeves, 2000]. In a
recent paper De Francesco [1999] examined the
matching function for Australia using multivari-
ate cointegration techniques and found evidence
for parameter estimates for 8 of just under 0.5 and
for a estimates generally fell between 0.4 and 0.8.
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Figure 1. Model 1. Exogenous Job Creation.

In sensititvity tests these parameter values will be
allowed to vary between this range, a greater value
for o reflecting an increasing importance of unem-
ployment in the matching process. The efficiency
parameter cp, is determined by the other param-
eter values in the matching function and will dif-
fer in each projection. The value obtained in the
baseline specification was 0.076; this compares to
a value of 0.10 in den Butter and Gorter [1999]
in their simulation of the Dutch economy. The
flows are derived from average estimates of gross
flows for the year 1998 (ABS 6203.0 various is-
sues) and were then adjusted to comply with the
restrictions imposed by the equations of motion.
Vacancy stocks are provided in ABS 6354.0 March
1988. Unemployment and employment data were
taken from ABS 6203.0 for March 1998. For the
extended model, the fixed cost of a vacancy per pe-
riod ¢ was assumed to be 0.9. der Linden and Dor
[2001] found that only high values of ¢ were com-
patible with plausible values of 8 in the bargaining
equation; similar values for vacancy costs relative
to the value of a filled job were used by Mortensen
and Pissarides [1999]. We shall examine the sen-
sitivity of the results to differing values of c. The
payroll tax was set at 8%. An estimate for un-
employment benefits came from ABS 5206.0. The
value of 0.5 is based on an average of the level
of benefits to average earnings for a family with
two children, a couple with no children and a sin-
gle person. The real interest rate was set at 1%.
Wages were determined to be approximately 80%
of value added, which approximates to standard
estimates from growth accounting studies.

4. SIMULATION RESULTS

Using the Model 1 we found that the steady state
estimate for the proportion of long-term unem-
ployed was 30.6% of total unemployment. This is
very close to the actual figure. Hence, we feel the
dynamic unemployment equilibrium and escape
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Figure 2. Model 2. Endogenous Job Creation.
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Figure 3. Model 2. Endogenous Job Creation.

probabilites from unemployment are a reasonable
description of the actual situation. The model was
subjected to an adverse shock that comprised an
autonomous increase in the employment outflow
(Fgv), job destruction, of 5,000 spread over one
year, with the shock starting at the beginning of
year 1. The results of this simulation exercise are
presented in Figure 1. Stocks of unemployment in-
crease and employment decrease very rapidly to
their new steady-state values. It is noticeable that
the unemployment to employment flow temporar-
ily increases even though job destruction has in-

-creased. This represents the influx of people into

short-term unemployment where the escape prob-
ability is higher; as this feeds through into more
long-term unemployment the Fgy flow stops in-
creasing and then falls back to its original level.
During this period, long-term unemployment rises
and temporarily overshoots its new equilibrium
level. These figures will provide a point of com-
parison for the extended model.

In Figures 2 and 3 we illustrate the results of the
extended model (Model 2) using the parameter
values in Table 1, and with the initial conditions
from the resulting steady-state. We consider a sim-
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ilar shock to the Fgy flow. The major difference
between these results and those in Figure 1 is that
the system returns to its pre-shock equlibrium val-
ues. Employment (unemployment) decreases (in-
creases) sharply in the period of increased job de-
struction and then gradually returns to its pre-
shock steady-state values. This mimics the asym-
metry observed in the Australian labour market
following recent recessions [Bodman, 1997]. Thus,
an 0.8% increase in job destruction for one year
has increased the unemployment rate by 0.65%
after one year and it is still 0.38% higher than
the pre-shock value after 5 years and 0.1% higher
after 10 years. Short-term and long-term unem-
ployment (Figure 3) also increase rapidly and fall
slowly back to equilibrium values in a manner sini-
ilar to aggregate unemployment and long-term un-
employment remained at just over 30% of the to-
tal stock. As before, the flow of individuals from
unemployment to employment increases and then
gradually falls back to its original level. Of course,
in practice, the higher numbers in long-term un-
employment may lead to more serious problems
for workers as job search effectiveness may de-
crease beyond the levels determined by the model,
particulalry for less skilled workers [Vickery, 1999],
which would generate hysteresis in unemployment
rates. The reason for the difference between mod-
els 1 and 2 can be seen in the wage and vacancy
adjustment patterns. The rise in unemployment
puts workers in a weaker bargaining position and
exerts downward pressure on wages and this en-
courages firms to open up more jobs thereby in-
creasing the number of vacancies. In the long run,
the equilibrating forces in the wage formation pro-
cess bring the system back to its original values.

The assumption about the fixed costs of a vacancy
per period cannot be readily checked against ac-
tual data sources like most other variables in the
model. Hence, we decided to test the sensitivity of
our results to variations in the level of these costs.
We took a reasonably extreme alternative value
for ¢ of 0.5. This caused the equilibrium value for
vacancies to increase and the value for the wage
to decrease as expected. However the change in
values was small. The system’s sensitivity to some
other parameters was tested. The bargaining pa-
rameter, 3, was given a value of 0.3 representing a
weaker bargaining position for workers representa-
tives (unions), in this instance in the steady state,
wages were lower (0.7), vacancies higher (97.8) un-
employment lower (612) as more jobs are created
because the employer’s surplus from a match has
increased. If the value of (3 rises to 0.7 then wages
rise to 0.84, vacancies fall to 70 and unemployment
rises to 852. Next the parameter associated with
the weighting of vacancies and unemployment in
the matching function (o) was tested for sensi-
tivity to varying values. Lower values caused the
equilibrium value of the wage to rise and the val-

ues for unemployment and vacancies to fall. This
results from vacancies having more weight in the
matching process; vacancies are more effective in
matching with workers.

5. CONCLUSION

There is a clear need for models that deal with
the impact of job destruction and job creation in
a general equlibrium setting to advance our un-
derstanding of the effects of changing patterns of
job destruction and creation beyond the substan-
tial empirical literatrure that exists. A basic job
search model using a matching function for work-
ers and jobs was put forward where, in the first
instance, all flows were exogenous but the model
did include a propogation mechanism for transfer-
ing the effects of shocks through various duration
classes of unemployment.

The model was extended through the introduction
of a wage formation process, which endogenised
the level of vacancies and job creation. The mod-
els were calibrated to Australian data for 1998
and performed well in generating baseline speci-
fications that contained features consistent with
actual labour market outcomes; long-term unem-
ployment was approximately 30% of total unem-
ployment, which mirrored the actual situation.

However, the basic model suggested that a tempo-
rary adverse shock, an increase in job destruction,
had permanent effects on the level of employment
and unemployment. In the extended model, wages
acted to bring the model back to to the pre-shock
equibrium. Specifically, a temporary rise in job de-
struction led to a fall in wages and a rise in vacan-
cies and job creation. However, the recovery of em-
ployment and unemployment to pre-shock levels
was protracted. This is consistent with the asym-
metric behaviour of unemployment rates in recent
recessions [Bodman, 1997]. Hence, the dynamics
of the model appear to succesfully represent some
of the basic features of the adjustment of the Aus-
tralian economy. Tests to examine the sensitivity
of the steady-state values to variations in the mod-
els parameters revealed that greater union power
in the wage bargaining process serves to reduce
vacancies and increase unemployment. Increasing
the matching effectiveness of workers, leads to less
vacancies and less unemployment. Possible exten-
sions of the model include breaking the link be-
tween unemployment benefits and the wage rate
and extending the depiction of search effectiveness
in unemployment duration categories to analyze
different possiblities for hysteresis.
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