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1. INTRODUCTION
In the 1950’s and 1960’s, the unemployment rate in both Europe and the U.S. was below
five percent. During the 1970’s European and US unemployment rates increased sharply in
response to the steep increase in oil prices. In the last two decades, however, unemployment
rates diverged sharply: European rates have remained high while American rates have re-
turned once again to prior levels. There are a variety of institutional factors distinguishing
Furope from the U.S., including strong unions, minimum wages, generous unemployment
benefits, and high employment protection, that might explain differences in levels of unem-
ployment. These institutional distinctions have been present throughout the postwar era,
however, and thus they cannot by themselves explain the differences in how unemployment
rates have changed. This unexplained divergence between unemployment rates has been

termed the “European unemployment puzzle.”
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Recent research has focussed on explaining the puzzle by considering the interaction
between institutions and long-term changes in the economic environment, thought of as
“shocks” to the environment. Ljungqvist and Sargent (1998), for example, have argued that
a long-term rise in economic turbulence, manifested in greater skill loss for displaced workers,
raises unemployment by a greater amount when unemployment benefits are higher. Increased
turbulence could thus explain why Europe, with its more generous unemployment benefits,
would experience greater increases in unemployment. Blanchard and Wolfers (2000) present
empirical evidence relating the behavior of the unemployment rate in several European
countries and the US to the slowdown in TFP growth and higher interest rates. They
show that these factors lead to larger increases in unemployment where institutions are
less “employment-friendly,” as they are in Furope relative to the U.S.. Blanchard and
Wolfers find statistically significant influence of the following institutions: the level of the
replacement rate (the share of income replaced by unemployment benefits), the duration of
unemployment benefits, the amount of employment protection, the tax wedge (the difference
between the real labor cost of a worker to an employer and the real consumption wage of the
worker), the percentage of workers who belong to a union, and the extent to which unions
and employer organizations coordinate wage setting.

Some doubt has been expressed in the literature about the importance of some of these
institutions. Nickell and Layard (1999, p. 3030), for example, argue that "time spent wor-
rying about strict labor market requlations, employment protection, and minimum wages 18
probably time largely wasted”. Similarly, Garibaldi (1998) shows that the level of firing re-
strictions leaves the unemployment rate unaffected even though it has important (offsetting)
effects on job creation and job destruction. This paper starts, therefore, by considering the

interaction between the slowdown in TEFP growth and increase in real interest rates (the
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shocks) and the level of unemployment benefits. Furthermore, we analyze the interaction
between changes in labor taxation (as a shock) and the initial tax rate (as an institution).!

In this paper we assess the interactions between shocks and institutions using a job
matching model of equilibrium unemployment. Following Mortensen and Pissarides (1994),
job creation and destruction are both determined endogenously, with wages set via bilateral
bargaining within employment relationships.

Comparing steady state equilibria, unemployment is shown to increase when either the
growth rate falls, the interest rate increases, or the tax rate on labor income increases.
Moreover, either of these factors lead to a larger rise in unemployment when the replacement
rate is greater or the initial tax rate is higher. Thus, the model exhibits the interaction effect
found by Blanchard and Wolfers. Slower growth and higher interest rates lead to permanent
effects on unemployment, since steady state equilibria are affected: as long as growth remains
slow and interest rates remain high, job creation and destruction decisions are impacted in
a manner that raises the equilibrium unemployment rate. This is contrary to the view of
Blanchard and Wolfers and several other economists that productivity growth and interest
rates should have only a transitory impact on unemployment and should not affect the
natural rate of unemployment.>

Whether the interactions between the institutions and the shocks to the growth, interest,
and tax rates are sufficient to quantitatively explain both the European and American un-

employment experiences depends crucially on the cross-sectional distribution of productivity

IDaveri and Tabellini (2000) also consider the effect of tax rates on unemployment but, as discussed in
section 4.5 the focus of their explanation is quite different from ours.

2Phelps (1968), Gordon (1997), and Blanchard (1996, Ch. 25) also claim that the natural rate is not

affected by productivity growth.
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levels. The key view expressed in this paper is that high replacement rates and high tax
rates increase the mass of jobs that are vulnerable to the type of shocks considered here.
Indeed, it is easy to construct numerical examples where this is the case. The numerical
examples suggest that the variability of outcomes at the relationship level, which may be
tied to factors such as government protection and geographic distance, may play a role in
accounting for the European unemployment puzzle. More broadly, our model has the feature
that small changes in the cross-sectional distribution can have important quantitative effects
on equilibrium outcomes. This stands in stark contrast to the recent body of work (e.g.,
Krusell and Smith (1998)) that has argued against the quantitative relevance of details of
cross sectional wealth and income distributions in stochastic growth models with partially
uninsurable idiosyncratic risk.

In an extension of our model, we incorporate turbulence and we follow Ljungqvist and
Sargent (1998) by modelling turbulence as a positive probability that a high-skilled worker
loses his skills when he is displaced. In our model, a rise in turbulence typically reduces
the level of equilibrium unemployment, contrary to the result of [jungqvist and Sargent.
As in Ljungqvist and Sargent, turbulence reduces the value of employment relationships,
and thus lowers the rate at which new relationships are formed. The destruction rate is
also affected in our model, however: greater turbulence makes high-skilled workers more
reluctant to leave their jobs, and job destruction falls. On balance, the latter effect tends to
dominate and unemployment declines. Although an increase in turbulence cannot explain
the increase in European unemployment rates in the present setting, allowing for some degree
of turbulence does serve to greatly improve the model’s ability to match the unemployment
evidence quantitatively.

Section 2 documents the European unemployment puzzle, Section 3 lays out the model
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without turbulence, and Section 4 reports results for a parameterized version of the model.

Turbulence is introduced in Section 5, and Section 6 concludes.

2. BEUROPEAN UNEMPLOYMENT PUZZLE

In this section we document the time series behavior of variables related to the European
unemployment puzzle for five European countries (France, Germany, Spain, Italy and the
United Kingdom) and the United States. Standardized unemployment rates are plotted
in Figure 1. As documented by the figure, the unemployment rates in Europe and the
U.S. were low and fairly similar in the beginning of the postwar period. During the 1970’s,
unemployment rates rose both in Europe and the U.S. After this, however, the unemployment
rate in the U.S. declined, while European unemployment remained high. Accounting for
this difference, and, in particular, for the persistently high unemployment rates in Furope,
constitutes a puzzle. Figure 2 plots the average duration for the same six countries. The
figure shows that unemployment duration has been fairly low and constant in the US. The
results are mixed for the Furopean countries. The countries that start at high duration levels
show no increase while countries that start with low duration levels show some increase. In
particular, in Germany and the U.K. duration levels were already high in the 1960’s and
they remained roughly at equal levels. Duration levels in Italy and Spain started below that
of the US, show a substantial increase but end up at levels still well below that of the other
three European countries. Duration levels in France are in the middle and show a modest
increase.

One possible explanation is that Furopean institutions may have been less favorable for
employment. More generous FEuropean unemployment benefits, for example, might lead

workers to be more selective in accepting new jobs, thus raising European unemployment



SHOCKS AND INSTITUTIONS IN A JOB MATCHING MODEL 6

relative to that of the U.S.. Figure 3 plots OECD standardized replacement rates, indicating
that U.S. replacement rates are much lower on average than those in Furope. Note however
that Furopean replacement rates were already high relative to U.S. levels at the beginning
of the postwar period, when unemployment rates were similar. Thus, the rise in European
unemployment cannot be explained by changes in Furopean replacement rates.

The numbers in the graph may seem low. The reason is that the OECD standardized
unemployment rate gives equal weight to the replacement rate in year 1 of an unemployment
spell, to the average replacement rate in years 2 and 3, and to the average replacement rate
for years 4 and 5. Using unequal weighting is unfortunate since the replacement rate during
the first year is clearly more important than that during years 4 and 5. We, therefore,
also report in Table 1 the benefit replacement rate and the corresponding benefit duration
measure from Nickell and Layard (1999).

Figure 4 plots the effective tax rate on labor income from Daveri and Tabellini (2000).
Just like replacement rates, labor tax rates cannot by themselves account for the dynamic
differences between Furopean and U.S. unemployment because tax rates were already sub-
stantially higher in Europe in the 1960’s.?

As Tjungqvist and Sargent (1998) and Blanchard and Wolfers (2000) have stressed, the
differences between Furopean and U.S. unemployment experiences might best be explained
by the interaction between institutions and shocks to the economies. Consider, for example,
the behavior of TFP growth and interest rates over the postwar period. Figure 5 docu-
ments a pronounced decline in TFP growth for all of the countries considered, coinciding

roughly with the increase in unemployment. Real interest rates are considered in Figure 6,

3 Also, see Nickell and Layard (1999) for a discription of the tax wedge and documentation that tax rates

are higher in Europe for several different tax rates considered.
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where increases over the postwar period may be observed for every country except Germany.
Unemployment responses to the growth slowdown and rise in interest rates appear to vary
based on institutional differences between countries. Blanchard and Wolfers, in particular,
provide evidence that where institutions are less employment-friendly, e.g., where replace-
ment rates are higher, unemployment rises by a greater amount in the face of slower growth
and higher real interest rates. In the remainder of this paper we assess the extent to which an
equilibrium job market matching model can rationalize these observed interactions between

institutions and unemployment responses.

3. MODEL
In this section we describe the model. Sections 3.1 through 3.3 describe the version of the
model in which there is no growth and no turbulence. In Section 3.4 we show that adding
disembodied growth is equivalent to an adjustment of the discount factor in the model with

no growth. In Sections 3.5 we introduce turbulence.

3.1. Employment Relationships. Production takes place within employment relation-
ships consisting of one worker and one firm, who interact through discrete time until the
relationship is severed or the worker retires. A relationship produces output z per period.
When a relationship is first formed, the initial value of z is drawn from the distribution v(z).
For a continuing relationship, the value of 2 may vary as a consequence of relationship-
specific productivity shocks that occur at the start of a period. We consider two kinds of
productivity shocks.

(1) With probability v° there is a switch of the productivity level z. In this case, 2 is
drawn again from the distribution v(z). If no switch occurs, then the relationship maintains

the previous period value of z.
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(2) With probability p® the relationship experiences an ezogenous breakup, where sev-
erance occurs automatically. Fxogenous breakups reflect events that permanently destroy
the productivity of the relationship; e.g., market conditions may shift adversely. Alterna-
tively, exogenous breakups can capture changes in workers’ personal circumstances that lead
them to change jobs. Assume that exogenous separations cannot occur in the period that a
relationship is newly formed.

After the current-period productivity parameter is determined, the worker and firm de-
cide whether to continue or sever their relationship, and, if the relationship is continued,
they determine the worker’s wage payment. Wages are set according to Nash bargaining,
where 7 gives the worker’s bargaining weight, and the disagreement point is severance of the
relationship. In addition, workers are subject to shocks that induce retirement, occurring
at the end of a period. Let p” denote the probability of retirement. If the worker and firm
agree to sever their relationship following a switch, or if exogenous separation occurs, then
they each enter a matching market in which new employment relationships are formed. A

retiring worker, in contrast, leaves the labor market and obtains a future value of zero.

3.2. Matching Market. New employment relationships are formed on a matching mar-
ket. Fach period, the number of newly formed relationships is m(u,v), where u and v give
the masses of unemployed workers and firms posting vacancies, respectively. We assume
that m(u,v) is a homogeneous function of degree 1. The total masses of workers and firms
are fixed at unity. Because the mass of workers is equal to the mass of firms, the ratio of
the mass of unemployed to the mass of vacancies and, thus, the matching probability are
fixed. Fach period, a proportion p” of the workers leaves the market through retirement,

replaced by an identical number of new entrant workers that flow into the unemployment



SHOCKS AND INSTITUTIONS IN A JOB MATCHING MODEL 9

pool. Further, established workers enter the unemployment pool when their employment
relationships are severed.

While they are unemployed, workers receive unemployment benefits equal to b. To sim-
plify the analysis, we assume that benefits are linked to average wages of all workers. Unem-
ployed workers thus obtain a per period benefit of b = ¢p while unemployed, where p denotes
the mean wage payment of all workers. New entrant workers do not receive unemployment

benefits.

3.3. Zero Surplus Level. Newly-matched workers and firms choose to accept their
match and begin an employment relationship if their initial productivity draw z is sufficiently
high. Correspondingly, a worker and firm in an ongoing relationship choose to continue their
relationship following a switch if the new draw of z is sufficiently high. We assume that the
worker and firm bargain efficiently over the terms of their relationship, and thus they make
acceptance and continuation decisions that maximize their joint surplus. Joint surplus is
defined as follows. Let z denote the current value productivity parameter following any
productivity draw, and suppose the worker obtains unemployment benefit b each period he

is in the worker matching pool. Then joint surplus is given by
s(2,0) = (1= 7e(2)) 2 + g(2) — (1 = 7u(0))b — w* (b) — w, (1)

where g(z) denotes the future joint value from continuing the relationship, w" (b) denotes the
worker’s future value from entering the unemployment pool in the current period when he
receives an unemployment benefit of b, w”/ indicates the firm’s future value from entering the
vacancy pool in the current period, 7.(z) is the tax rate on income earned in the relationship
when income is equal to x and 7,(x) is the tax rate on unemployment benefits equal to x. .

In equilibrium, s(z,b) is an increasing function of z, and there exists a zero surplus level



SHOCKS AND INSTITUTIONS IN A JOB MATCHING MODEL 10

z(b) indicating the smallest value of z at which accepting or continuing the relationship
yields nonzero surplus to the worker and firm. For values of z below z(b), the worker and
firm will either reject a new match, or they will destroy an existing match. The zero surplus

level is defined by the following condition:
s(z(b),b) = 0. (2)

3.4. Equilibrium. The equilibrium conditions, involving equilibrium values of g(z) and
w(b), equilibrium wage payments, and steady state conditions for the matching market, are

given as follows. The future joint value from continuing a relationship is equal to *

o0

g(z) = (1=p")p {(1—75)8(zub)+vs/S(y,b)dV(y)} +O((1=7u(0)b+w"(b) +w') (3)
z(b)

The Nash bargaining solution implies that the wage payment to a worker having current

unemployment benefit b, written p(z,b), satisfies the following condition:
Pz, b) + g (2) = ms(2,0) + (L= Tu(D))b + W (b) + (1)
where ¢g*(z) indicates the worker’s future value from continuing the relationship:

9°(2) = (1 = p*)Brs(z,0) + A((1 = 7u(b))b + w™(b)). (5)

For a worker having unemployment benefit b, the future value from entering the unemploy-

ment pool satisfies

00 z(b)

w*(b) = A" 3 /(pw(y, b) +g“(y))dv(y) + /((1 — 7u(0))b + w"* (b))dv(y)

2(b) 0

4This formula holds for values of 2 > 2(¢P). A match with a worker that is not entitled to unemployment
benefits would be willing to produce for values of z lower than z(¢7) (but higher than z(0) ). For these values

of z the relationship only exists for one period and g(2) is equal to (1 — 7,(0))b + w™(b) + w?).
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+(1 = A")BIL = 7u(0))b + w* (b)), (6)
where X = m(u, v)/u denotes the worker matching probability.
Let u(b) denote the mass of workers in the unemployment pool at the end of a period,

having unemployment benefit b. The probability that a firm in the vacancy pool matches

with such a worker is given by

It follows that the future value obtained by a firm in the vacancy pool is

w! =N )8 [ (1= m)s(y,b)dv(y) + Bu’. (7)
b z(b)

Let e denote the total mass of employed workers in continuing employment relationships
at the start of a period prior to realization of productivity shocks. Steady state conditions
for worker stocks and flows are given as follows. The stocks u(0) and u(¢p) of new entrants

and workers previously employed at low skills, respectively, must satisty

p" = p'u(0) + (1 = p")A"(1 = v(2(0)))u(0), (8)

(1= ") [p" + (1 = ") u(z(ep))] @

= p"u(¢p) + (1 = p")A"(L = v(z(¢P))u(¢P), (9)
where gross inflows are given on the left-hand sides of the equations, and gross outflows on
the right-hand sides. Observe in (9) that workers never flow directly from the u(0) pool to
the u(¢p) pool, since they must spend at least one period in the e pool to quality for benefits

¢p. The stock e is determined by

(1= p")A" (1 = (2(0))u(0) + (1 — v(2(b))u(b)]
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= ple+ (L=p") [p" + (1= ")y w(z(ep)) | e. (10)

We assume that the government uses tax revenues to finance unemployment benefits
and the purchases of commodities. Below we let ¢ denote the per capita value of these
government purchases. We introduce this term to study tax rates that are not related to
financing requirements of unemployment benefits. Let e(b) is the mass of employed that
would be entitled to unemployment benefits b. The budget constraint for the government is

equal to

o0 o0

e(0) [ Tlyydv(y) +e(gp) | Tolwydv(y) =
2(0) 2(¢P)
u(¢p)(1 — Tu(¢éP)) P + g. (11)

3.5. Growth and Interest Rates. The equilibrium equations above took the discount
factor as given. To determine the appropriate discount factor in the presence of growth we
have to consider the behavior of households. Households are assumed to pool their labor
and profit incomes at the end of each period and choose aggregate consumption to maximize
the discounted utility of a representative household using the composite discount factor
6= (1-p")/(1+p), which combines the retirement parameter, p”, with the conventional
discount factor,1/(1 + p). In this paper we do not take a stand on the preferences of the
agent, but will use observed interest rates to determine appropriate discount factors. Interest

rates are determined by the following equation.

(1+7)6Myyqy =1, (12)
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where M, is the marginal rate of substitution between consumption this period and next
period.

For example, when the utility function of the agent is given by

o0 le -1
6571& s 7
; L=y

where () is consumption in period s, then we have

C -
= (%)

8

and
(1+7)8 (%) o (13)

Now suppose that output within a relationship is equal to (1 + € )t 2 per period, where &
is the growth rate. Output, thus, displays disembodied deterministic technological growth.
Having higher future earnings is equivalent to discounting future earnings with a higher dis-
count factor, that is, using (14&)6My 1 to discount future earnings of the relationship. The
relationship between & and My, depends crucially on assumptions about the utility func-
tion. The asset-pricing literature has shown that standard assumptions about preferences
cannot explain average real interest rates® and a related problem of standard preferences

in that the predictions for the effect of £ on r that are inconsistent with the data.® Note,

5See, for example, Weil (1992).
5For example, the CRRA preferences used above imply that a decrease in the growth rate should lower real
interest rates, while in Section 2 we documented that the observed decrease in TFP growth rates coincided

with increases in real interest rates.
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however, that irrespective of the particular specification for preferences, optimizing behavior

pins down the discount factor at

1+
1+

I

(1 4+ &My =

<

Instead of trying to also solve the difficult question how & affects M, we will simply

use observed growth rates and interest rates to infer the appropriate effective factor.

3.6. Turbulence. In this subsection we distinguish between low-skilled and high-skilled
workers. This in itself doesn’t change the model in a substantial way but it allows us to
analyze the turbulence effect of Tjungqvist and Sargent (1998). They argue that the Furo-
pean unemployment puzzle can be explained by the interaction between high replacement
rates and an increase in the probability that an unemployed skilled worker cannot find a
job in which he can use his acquired skills. Consequently unemployed workers who used
to earn high wages and are, thus, entitled to high unemployment benefits are more likely
to receive low wage offers. The increase in the rejection rate of job offers would then lead
to an increase in the unemployment rate. As in Tjungqvist and Sargent (1998) we model
an increase in turbulence by an increased probability that a high-skilled worker becomes a
low-skilled worker.

It is interesting to analyze an increase in turbulence in our framework because it differs
in two important aspects from that of Tjungqvist and Sargent. First, we allow for endoge-
nous wage setting between the worker and the employer, which means that the worker can
bargain for a higher wage instead of simply having a choice between rejecting or accept-
ing the employer’s wage offer. Second, in contrast to Ljungqvist and Sargent, the breakup
decision in our model is not exogenous, but is allowed to vary in response to changes in

the economic environment. Alan Greenspan said the following about turbulence: But the
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sense of increasing skill obsolescence has also led to an apparent willingness on the part of
employees to forgo wage and benefil increases for increased job security. Thus, despite the
incredible tightness of labor markets, increases in compensation per hour have conlinued to
be relatively modest. T This quote clearly expresses the view that labor market participants
will change their behavior in response to the increase in turbulence.

The current-period skill level of a particular worker is denoted by k, and the high and
low skill levels are given by h and [, respectively. Unemployed workers obtain a per period
benefit of by, = ¢p,, where P, denotes the mean wage payment of all skill k& workers. When a
relationship is first formed with a worker having skill level &, the initial value of z is drawn
from the distribution vg(z). Assume v,,(2) > v(2); i.e., the high-skill distribution first-order
stochastically dominates the low-skill distribution. In addition to the probability of a switch
and an exogenous breakup, the relationship with a low-skilled worker can now also receive
an upgrade at the beginning of the period wherein he receives a draw from v (2).*

High-skilled workers who become unemployed will become low skilled with probability 7.
The key feature of the model with turbulence is, thus, that there are low-skilled unemployed
workers with a high level of unemployed benefits by,.

Adjusting the equations is relatively straightforward. The surplus equation for a high-

"Alan Greenspan in ”Is there a new economy?: The effect of human psychology on the market.” Vital
speeches of the day, Oct 1, 1998, 64(24): 741-745.

8We assume that workers experiencing an upgrade must work for at least one period at the high skill level
in order to qualify for the benefit ;. To reduce the number of different worker classifications we assume
that in case of an upgrade a worker receives a draw of 2z in the range of values where an existing relationship

with a high-skilled worker who is entitled to b, would not break up.
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skilled worker is now given by:
sn(2,bn) = 2+ gn(2) — by — (YPwi(bn) + (1 = ¥ )wn(bn) + w’), (14)

where the subscripts h and [ denote the skill level of the worker. To simplify the notation

we suppress tax rates. The zero surplus level is defined by the following condition:

sk (2x(), b) = 0. (15)

In the model without turbulence (v = 0) the value of z; is the same for those workers

who receive a switch and for the unemployed who enter a new relationship, because both
are entitled to b,.° In the model with turbulence, however, the zero surplus level for the
unemployed with high unemployment benefits, z(b,) will be higher than the zero surplus
level for the unemployed with low unemployment benefits, z;(b;). Note that the latter zero
surplus level equals that of the low-skilled workers who receive a switch.

The equilibrium conditions are modified as follows. The joint future value for a high-

skilled worker, given previously by (??), is replaced by

[e @]

[ sn(z,b)dvn(y)

gl(Z) = (1_p$)/6,yU§h(bh) _
1— [ dvn(y)

2p1(n)

o0

H(1= )AL =) | =7)s(zb) + 7 [ s bdn(y)
zy(br)

o0

H(1 =81 =S| [ zdia) | G+ wi) + o) (16)
n{bn)

®Note that this is not true for the young who are not yet entitled to unemployment benefits.
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and
gn(2) = (1= p")B | (1 = +)snlz, bn) ++° / sn(Y, bn)dvn(y)
25, (on)
+3(bn + v wi(bn) + (1 = 77 )wn(ba) + w’). (17)

Equations (4), (5) and (6) are changed in a similar way. For v > 0, there is a nonnegligible
stock u;(by,) of workers who have low skills but obtain the high unemployment benefit on the

basis of their previous job. The stocks wuy,(by,) and w,(by,) satisfy
(1= ") [0 + (1= )7 wnlzn(n)] (1 =7 )en

= p"un(bn) + (1 = p")A" (1 — valzp(bn) )un(bn), (18)

(L= ") [P + (1= ")y wnlza(n))| Y en
= plu(bn) + (1 = p")A" (L — vi(z(bn) Jua (bn)- (19)
For e; and e;, we have
(1= p")A" (T = v1(2(0))w(0) + (1 = vilzy(be) ) (br) + (1 = vi(21(bn) )1 (bn)]

= e+ (L=p") |p"+ (1= p") (1 =) vilz(b) + (1= p")0 ] e, (20)

(1= p")X(L = valzn(On) Jun(bn) + (1= p") (L = p")7"es
= plen+ (L= p7) [p" + (1= p")7 vn(zn(bn))] en- (21)
To calculate average wages (and, thus, unemployment benefits) and taxes one needs a
more precise differentiation of the different groups since not all workers with the same skill
level earn the same wage and operate at the same range of values for z. In particular, in the
model with turbulence there are four different types of unemployed and six different types
of workers which makes the complete set of transition equations somewhat tedious. Details

are given in the appendix.
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4. SHOCKS AND UNEMPLOYMENT RATES

The goal of this section is to document that the model outlined in Section 3 can explain
the divergent behavior of Furopean and U.S. unemployment rates when key aspects of the
economic environment deteriorate. To accomplish this, we will show that a decrease in the
growth rate, an increase in the interest rate, as well as an increase in the tax rate (the shocks
considered) increase the steady state unemployment rate and that the magnitude of the effect
can be small at low initial tax rates and replacement rates (the institutions) but substantial
at high initial tax rates and replacement rates. The idea is that the steady state values
corresponding with the favorable economic environment capture the average values of the
unemployment rate during the 1950’s and 1960’s, and the steady state values corresponding
to the unfavorable economic environment reflect the average values of the unemployment
rate during the 1980’s and 1990’s. The 1970’s is a transition period that we will not try to
model.

In Section 4.1, we give the basic intuition of our story and illustrate it by giving several
numerical examples to document the interaction between the reduction in the discount factor
and the level of unemployment benefits. In Section 4.2, we show that the same idea applies
to changes in tax rates. In Section 4.3, we show that an increase in turbulence is not a good
candidate to explain the European unemployment puzzle in this framework when an increase
in turbulence is modelled as an increased probability of skill loss after job separation. In
Section 4.4, we emphasize the importance of the cross-sectional distribution of productivity

shocks and in Section 4.5 we discuss related literature.

4.1. Implications of Shocks in the Benchmark Model. In this section we study

the effect of changes in the growth rate and the interest rate on steady state unemployment
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rates.

Intuition. In Section 3.5 we showed that the appropriate discount rate in a model with
disembodied growth is equal to (1 + &)/(1 4+ 7). In Figure 7 we plot the scaled values of
(14€)/(14r) for the five-year intervals. The graph clearly shows that when one combines the
growth effect and the real interest rate effect, for each country a decrease in the transformed
discount factor is observed. We will start by investigating the effect of changes in this
discount factor on the steady state unemployment rate and the interaction with the level of
the replacement rate.

Consider again the equation that determines the zero surplus level.

z+g(z) —b—w(b) =0. (22)

To simplify the notation we have set tax rates to zero. A decrease in the discount factor
will decrease both g(z) and w(b). The question is which one will decrease more. If g(z) is
equal to w(b) then it isn’t hard to show that there will be no effect on z. If g(z) is bigger
than w(b) then a decrease in the discount factor will have a bigger impact on g(z) than on
w(b), thus increasing z. The value of g(z) will be bigger than w(b) when the probability of
receiving a switch, 9, is higher than the matching probability for an unemployed worker,
A. The intuition for this last result is relatively simple. Note that z will be larger than b
when ¢(z) is smaller than w(b). The idea is that when shocks are persistent, relationships
break up even if the current production exceeds b because by breaking up they have a better
chance of quickly increasing their productivity. We find it implausible that the best way
to increase productivity is to end the relationship and we, therefore, argue that the natural

case to consider is the one where g(z) is bigger than w(b), so that a decrease in the discount
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factor increases z and, thus, increases the rejection rate of unemployed who get a match and
the breakup probability of workers who receive a switch.

Graphically this idea is captured in Figures 8 A and &B, which show how the surplus
changes in response to a decrease in the discount factor. A shift to a low growth or high
interest rate economy lowers the joint surplus, raising both the rejection probability for
new matches and the destruction probability for ongoing ones. Thus, the flow out of the
unemployment pool is reduced, while the flow into the pool is increased, leading to the
robust prediction of a higher steady-state unemployment rate. Further, an increase in the
replacement rate also shifts joint surplus downward, raising the rejection and destruction
probabilities. The effects of lower [ and higher ¢ are complementary, causing a decline in (3
to have a bigger effect when ¢ is large. Intuitively, when future returns to the relationship
are discounted more steeply, current unemployment benefits have greater relative weight in
joint surplus, and so exert a larger marginal effect on the zero surplus level. It should be
stressed that slower growth and higher interest rates lead to permanent changes in unem-
ployment, based on the fact that unemployment is determined in steady state equilibrium.
This contrasts with the conjecture of Blanchard and Wolfers (2000), who argue that the
shocks affect unemployment in a transitory way. As long as [ remains low, however, the

zero surplus level continues to be high, and high levels of unemployment are maintained.

Benchmark Parameterization. We will illustrate this effect with some simple nu-
merical examples. The distribution v(z) is taken to be uniform with support [v, 7], while the
matching probability is fixed. Periods are taken to be quarters. Table 2 reports numerical
values of the parameters for our benchmark specification.

Results for the benchmark parameterization are given in Table 3A, which reports for a
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low and a high-replacement-rate economy the equilibrium unemployment rates for various
values of the discount factor 3. Note that the low and the high-replacement-rate economy
are identical in everything except the replacement rate. As documented by the table, either
a decline in growth or a rise in the interest rate, both reflected by a fall in the discount factor
[ can lead to higher unemployment for high levels of the replacement rate ¢. At low values
of ¢, however, there is no rise in unemployment associated with a fall in 5. The model,
thus, exhibits an interaction between shocks and institutions, whereby higher replacement
rates exacerbate the unemployment effects of either a growth slowdown or a rise in interest
rates. The key aspect of this parameterization is displayed in Figure 9 which plots the
cross-sectional distribution of productivity values z, along with the zero surplus levels. The
figure captures our basic believe that at high replacement rates, the mass of jobs sensitive
to deteriorations in the economic environment is bigger.

Note that in the low-replacement-rate economy, only the lowest productivity jobs are
destroyed. The productivity of ongoing relationships will, therefore, increase in the high-
replacement-rate economy relative to the low-replacement-rate economy.'® This is consistent
with the observation that Nickell and Layard (1999) make about labor productivity in Europe

relative to that of the U.S..

Alternative Parameterizations. An important feature of the benchmark parame-
terization is that the value of z is not in the support of the distribution for the high discount
factor case for both the low and the high-replacement-rate economy. Now suppose that

we increase the support of z such that there are also are endogenous breakups during the

10Gince average wages increase when the destruction margin increases, we observe that unemployment

benefits increase with 3.7 percent. The results are very similar, however, if we keep the value of b constant.
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favorable, i.e. high 3, period for the high-replacement-rate economy. If we keep the rate of
exogenous breakups, p*, the same then unemployment rates would not be equal during the
favorable times for the high-replacement-rate and the low-replacement-rate economy. We
consider two alternatives to deal with this. In the first, the rate of exogenous breakups, p*,
is higher in the low-replacement-rate economy, and in the second, the standard deviation
of z is higher in the low-replacement-rate economy. This means that if replacement rates
would have been equal in the two economies, then there actually would have been more
breakups in the low-replacement-rate economy, either because there is a larger fraction of
low productivity jobs or because there is a larger fraction of exogenous breakups.

When one thinks of the high-replacement-rate economy as the U.S., then these specifi-
cations do not seem implausible to us. Since distances are bigger in the U.S., relocations for
personal reasons are more likely to lead to job termination in the U.S. than in Europe. The
presence of government subsidies in Europe could also trim the low side of the distribution
in Furope. There are some empirical observations consistent with these conjectures. Nickell
and Layard (1999), for example, document that regional mobility has been substantially
higher in US than in most Furopean countries. For the period from 1980 to 1987, for ex-
ample, an average of 2.9% of all workers changed region each year in the US while for the
five European countries considered in this paper the highest percentage was observed for
Irance for which it equaled only 1.3%.!' Also important in this respect are the observations
from Nickell and Layard (1999) about minimum wages. They report that the minimum wage
relative to the average wage over the period from 1991 to 1994 was substantially higher in

Sweden than in the US but in Sweden no workers were at or near the minimum wage while

I Regions are of comparable geographical size.
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in the US four percent of the workers were at or near the minimum wage. In Spain, however,
more workers were at the minimum wage even though the minimum wage in Spain was lower.

In the first alternative considered, we set the rate of exogenous breakups, p”, in the
high-replacement-rate economy equal to zero and choose the support of the distribution
such that the unemployment rate in the high-replacement-rate economy is again equal to
(approximately) 5% when 8 = 0.99, i.e., the value corresponding to the favorable growth
and interest rate regime. The results for this case are reported in the first two columns
of Table 3.B for the high and the low-replacement-rate economy, respectively. For the low-
replacement-rate economy the zero surplus level is still outside the support of the distribution
and changes in the discount factor have no effect on the breakup and rejection margin. The
key idea of this parameterization is graphically presented in Figure 10.

In the second alternative, we set the rate of exogenous breakups equal to zero in both
types of economies but let the support of z for the low-replacement-rate economy be higher.
In particular, the support of the distribution in the low-replacement-rate economy is now
also chosen such that the unemployment rate is equal to 5% when 5 = 0.99 (and p* = 0).
The results are reported in the third column. We now see that unemployment rates actually
increase more in the low-replacement-rate economy. This despite the fact that the mass of
jobs just to the right of z is larger in the high-replacement-rate economy. There is a stronger
response to the level of z in the high-replacement-rate economy, however, because z — b is
lower in the low-replacement-rate economy and g(z)—w, thus, higher. As pointed out before,
the higher g(z) — w, the higher the effect of changes in 5 on z.

Note that the matching probability is assumed to be equal across economies. But, as was
documented by Figure 2, the duration of unemployment has been much lower in the US then

in Europe so it makes sense to use a higher matching probability in the low-replacement-rate
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economy. The results for this case are given in the fourth column of Table 3B. When the
low-replacement-rate economy has a higher matching probability, then we see again that
unemployment rates are more sensitive in the high-replacement rate economy then in the

low-replacement-rate economy.

4.2. Shocks to Tax Rates in the Benchmark Model. In this section we discuss the
effects of tax rates on unemployment rates and study the interaction with the initial tax rate.
The intuition is similar to the one discussed above and the description will be brief. Just
like a reduction in the discount factor, an increase in the tax rate increases the zero surplus
level of z, which has important consequences for the unemployment rate only if many jobs
are affected by the increase. A low initial tax level, just like a low replacement rate, ensures
that even after the increase in the zero surplus level z, there are still not many relationships
that would want to break up.

These kind of effects would not be obtained for all types of tax rules. For example, if
we specify that tax rates on productive income and unemployment benefits are equal, i.e.,
Te(z) = 74 (b) = 7, then taxes would have no effect at all. But, as documented by Nickell and
Layard (1999), wages and unemployment benefits are taxed at substantially different rates.
Since we are only interested in the difference in tax rates, we will normalize by setting the tax
rate on unemployment benefits, 7,(b), equal to zero. Moreover, we assume that only positive
profits are taxed and no tax credits are given for negative profits, that is, 7,(z) = 7, > 0 for
z >0 and 7,(2) =0 for z < 0.

Table 4A shows the steady state unemployment rates for different values of the discount
factor and different values of (, the per capita government purchases level relative to the

mean value of 2. we consider values of ¢ equal to 0, 0.25, and 0.5. Note that it doesn’t
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make sense to consider large (and realistic) values of government expenditures since we have
used the normalization that 7, = 0. We set the value of ¢ equal to 0.5. The first column
of Table 4A corresponds to the case where per capita government expenditures are equal
to zero and is, thus, identical to the second column of Table 3A. In this case taxes are
only used to finance unemployment benefits. We see that an increase in tax rates (caused
by an increase in government expenditures) increases the steady state unemployment rate.
Table 4B repeats this exercise but starts at a higher level of government expenditures. In
particular, while for Table 4A the support of the distribution was chosen in such a way that
the unemployment rate equals 5% when 3 = 0.99 and ¢ = 0, for Table 4B the support of the
distribution was calibrated such that the unemployment rate equals 5% when # = 0.99 and
¢ = 0.05. We clearly see that an increase in the tax rate has a bigger impact when the initial
tax rate is higher.!? In particular, starting at ¢ = 0 an increase in per capital expenditures
of five percentage point increases the unemployment rate from 5% to 6.24% while the same
percentage point change increases the unemployment rate from 5% to 7.32% when the initial
level of per capital government expenditure is equal to 0.05. Also note that the combined
change in the discount factor and the tax rate leads to substantial changes in steady state

unemployment rates.

4.3. Shocks in the Presence of and to Turbulence. We now consider the extension
of the model that includes two skill levels and turbulence. In a turbulent economy, high-

skilled workers may face a loss of skills if they lose their jobs, because of skill obsolescence

120ne could argue that it would be better to ensure that the percentage change in 1-C is the same for
Tables 4A and 4B. This would require a change in ¢ from 0.10 to only 0.145 in Table 4B. The results for the

increase in ¢ to 0.145 are, however, very similar.
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or difficulty of finding a new job in the sector for which their skills are specialized. Fol-
lowing Tjungqvist and Sargent (1998), we model turbulence by assuming that high-skilled
workers who separate from an employment relationship suffer a downgrade to low skills with
probability vP. The previous version of the model, in which v? = 0, may be viewed as a
“tranquil” economy in which skills never become obsolete. Greater degrees of turbulence are
reflected by higher values of v?. The parameters for the economies with turbulence are given
in Table 5. In the economy with a high replacement rate, exogenous destruction is set equal
to zero and the support of z is chosen in such a way that for § = 0.99 and v” = 0.10 (the
favorable regime values) the unemployment rate is equal to 5%. In the low-replacement-rate
economy, all parameters are identical except the replacement rate and the level of exogenous
destruction which is increased to obtain a 5% inflation rate for = 0.99 and v = 0.10.
The steady state unemployment rates for different values of the discount factor and
the turbulence parameter are reported in Tables 6A and 6B for the high and the low-
replacement-rate economy, respectively. In Table 6B we see that the low-replacement-rate
economy is still far enough away from the zero surplus level of 2 and is not affected by
any of the changes. Two important observations can be made concerning the results for
the high-replacement-rate economy. The first is that in contrast to Ljungqvist and Sargent
(1998) an increase in turbulence decreases the unemployment rate. The reason is related
to the aspect of turbulence that Alan Greenspan referred to in the quote cited in Section
3.6. In particular, faced with increased turbulence, that is, an increased probability of skill
loss, high-skilled workers are less likely to quit their job. Tjungqvist and Sargent (1998)
fix the rate of destruction and don’t consider responses in the destruction rate to a change
in the economic environment. In our model an increase in turbulence does increase the

rejection rate of the unemployed, because an increase in turbulence increases the fraction of



SHOCKS AND INSTITUTIONS IN A JOB MATCHING MODEL 27

unemployed that is entitled to unemployment benefits that are large relative to their skill
level. This effect, however, is dominated by the increased willingness of high-skilled workers
to hold on to their jobs.

The second observation that can be made is that in the presence of turbulence, the impact
of a change in the discount factor on the unemployment rate is substantially higher. The
reason is that the change in the discount factor triggers a composition effect. A decrease in
the discount factor not only increases the destruction rate for each skill level, it also increases
the fraction of low-skilled workers. Since low-skilled workers have higher destruction rates,
unemployment rates increase even further. This composition effect is stronger for lower
values of the upgrade probability, Y. This can be seen in Table 6C which corresponds to
Table 6A except that 7Y is now equal to 0.10 instead of 0.15.' We see that a decrease of
the discount factor from 0.99 to 0.97 would increase the unemployment rate from 5% to 23%

Y increases from 0.10 to 0.15) together

and, even if we allow for an increase in turbulence (7y
with the decrease in the discount factor from 0.99 to 0.97, the unemployment rate would
still increase from 5% to 18.5%.

For these parameter values the unemployment rates in the low-replacement-rate economy
are affected by the decrease in the discount factor, although the effect is very small. This
is documented in table 6D. Starting at values of # = 0.99 and P = 0.10, a decrease
in 8 to 0.97 would increase the unemployment rate from 5% to 5.6%. Note that at this
point, an increase in y? to 0.15 would increase the unemployment rate slightly, to 5.7%.

The main reason why an increase in turbulence causes the unemployment rate to increase

in the low-replacement-rate economy is not Ljungqvist and Sargent’s effect that there are

13Tn addition, the standard deviation is recalibrated to obtain a five percent unemployment rate in the

favorable regime.
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more unemployed workers with benefits that are high relative to the wage offers their skills
can generate. The quantitatively more important effect is that turbulence decreases the
outside option for high-skilled workers and, thus, lowers the wages of high-skilled workers.
This lowers the future relationship benefits for low-skilled workers and decreases their zero
surplus level.'

The question arises whether in reality the effect of Ljungqvist and Sargent (1998) is also
dominated by a reduction in the breakup probability of high-skilled workers. In principle, it
is possible that only a small fraction of high-skilled workers is close to their zero surplus level,
in which case their breakup value is close to zero to begin with. In our numerical examples,
however,we typically found it hard to obtain numerically significant effects from increases in
the rejection rates by the unemployed, because the mass of unemployed is relatively small.
For example, suppose that the matching probability is equal to 50% and that both the
destruction rate and the rejection rate of new job offers is equal to 2.56%. Then it is easy
to calculate that the steady state unemployment rate would be equal to 5%. To get an
increase of the unemployment rate to 10% one would have to increase the rejection rate to
53.8% while one only has to increase the destruction rate to 0.054% to get the same increase
in the unemployment rate.'® Another problematic observation for the explanation given by

Ljungqvist and Sargent (1998) is that most the increase in European unemployment rates

is due to an increase of the unemployment of workers with low unemployment levels.'®

148till the qunatitative importance of this effect is small. For this effect to be quantitatively important,
one needs a large mass of low-skilled workers, that is, a low value of V. But when 4V is low then changes
in wages earned when the upgrade occurs are not very important.

5 There is no retirement in this example.

16See Table 22 in Nickell and Layard (1999). This also is inconsistent with the turbulence story told in
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There actually is a more robust way to increase turbulence. Mortensen and Pissarides
(1999) model an increase in turbulence as an increase in the cross-sectional variation of z.
Table 7 reports steady state unemployment rates for different values of 3 and the cross-
sectional variation of z. We see that an increase in turbulence now leads to a substantial

increase in the steady state unemployment rate.

4.4. The Importance of Cross-Sectional Data. We have shown that it is not difficult
to generate numerical examples in which unemployment rates in the low-replacement-rate
economy do not respond to a deterioration of the economy but unemployment rates in the
high-replacement-rate economy do. The first example, in which there are no endogenous
breakups in the favorable regime, showed that this could be accomplished when the two
economies are exactly identical except for the replacement rate. The second example showed
that it is still possible when there are endogenous breakups but now the two economies have
to differ in more than just the replacement rate. To determine whether our mechanism
played a quantitatively role for unemployment rates one would need detailed information
about the shape of the cross-sectional distribution of match-specific productivity during the
fifties and the sixties, and especially for that part of the distribution that is close to the
breakup level. Our hypothesis is that because of the higher replacement rate, there were
more jobs close to breaking up during the sixties in Furope than in the US. The model with
turbulence makes it clear that even perfect knowledge of the cross-sectional distribution of

existing jobs is not always enough to make model predictions. We saw, for example, that an

Marimon and Zilibotti (1999), who model the increase in turbulence as an increase in the difference between
the most and least productive job a worker could get. As in Ljungqgvist and Sargent (1998) this would induce

those workers with high unemployment benefits to remain unemployed longer.
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increase in turbulence lowers the zero surplus level and one cannot determine the additional
mass of jobs created because these jobs never existed before.

Time-series information on several other variables like job creation and job destruction
has only limited information to support or contradict the explanations proposed in this paper.
In particular, our theory has no prediction for steady state destruction rates. Our theory
has predictions for the destruction rate conditional on the skill level. That is, for each skill
level, the destruction rate should go up more in economies with high replacement rates. But
because of composition effects, aggregate destruction rates could both decrease or increase.
For example, it is possible that in the seventies a large number of low-productivity, high-
destruction-rate jobs were destroyed in Europe and never again created. This would increase
the productivity of the remaining jobs and lower the average destruction rate. Moreover,
although job protection seems to have offsetting effects on average unemployment rates, it
can have important effects on average job destruction and job creation rates and could also

be important to understand business cycle properties of unemployment rates.

4.5. Related Literature. There are several other papers that study the relationship
between growth and steady-state unemployment rates. A key issue is whether technological
progress is modelled as embodied or disembodied technological progress. We follow Pissarides
(1990) and model growth as disembodied technological progress while Aghion and Howitt
(1994) model growth as embodied technological progress. In Aghion and Howitt (1994) a
relationship can only benefit from new technology by severing the relationship, going to the
matching market, and getting matched. We argue that embodied technological progress is a
sensible approach for capital and investment but less so for labor market models. Note that

in Aghion and Howitt (1994) a worker who was part of a relationship that severed because of
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a low productivity level (relative to the newly available technology), will actually be capable
of using the newest technology, but only after having been unemployed for some time. We
argue that it makes more sense to let existing relationships incorporate new technologies.
Mortensen and Pissarides (1998) generalizes Aghion and Howitt (1994) by allowing existing
relationship to upgrade to the newest available technology by paying an upgrade cost. It
seems to us that such an upgrade cost to benefit from the newest technology should be lower
for an existing firm then for a new relationship.!” This implies that firms would never break
up to obtain the new technology but rather would continue the existing relationship and pay
the upgrade cost.

This issue is important because with embodied technological progress (and vacancy costs
that rise at the same rate as the productivity of new matches), an increase in growth actually
increases unemployment.'® The reason is that higher growth means that existing relation-
ships become obsolete faster and, thus, breakup faster. This idea is used by Hornstein,
Krusell, and Violante (2000) to argue that an increase in embodied technological progress
that started in the 1970’s increased unemployment in those countries with high unemploy-
ment benefits. Although not modelled in Hornstein, Krusell, and Violante (2000) one could
argue that the increase in technological progress did not show up in empirical measures of
total factor productivity because of learning effects. While these ideas are intriguing, we
think that the story we propose in this paper is more straightforward and more plausible.

The role of taxes is studied in detail by Daveri and Tabellini (2000). This paper docu-
ments the effect of taxes on unemployment rates and growth rates and builds an overlapping-

generations model with endogenous growth to explain the empirical findings. Note that

17Our model basically assumes that the upgrade costs are equal to zero.

18Gee Aghion and Howitt (1994) and Hornstein, Krusell, and Violante (2000).
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whereas we consider changes in tax rates and growth rates as two independent shocks, Dav-
eri and Tabelline (2000) argue that the cause of the lower growth rates actually is high tax
rates. The finding that tax rates affect growth is disputed in the literature!® but Daveri and
Tabellini argue that one does find significant effects if one exploits both the cross-sectional
and time series variation of the data and distinguishes among countries on the basis of their

labor market institutions.

5. (CONCLUSION

We have reassessed the Furopean unemployment puzzle using a job matching model that
features endogenous job creation and destruction, bilateral wage bargaining, and variable
worker skill levels that may rise on the job. The model considers shocks in the form of slower
growth, higher interest rates, higher tax rates, and increased turbulence, and studies how
these shocks interact with the replacement rate and the initial tax rate level. The variability
of relation-specific productivity is also considered. Slower growth, higher interest rates, and
higher tax rates are shown to induce a larger increase in unemployment when the replacement
rate or the initial tax rate is higher, as was found empirically by Blanchard and Wolfers (2000)
and Daveri and Tabellini (2000). Higher turbulence actually reduces unemployment, due to
exerting a favorable effect on job destruction; this reverses the finding of Ljungqvist and
Sargent (1998).

An important implication of our results is that the European unemployment problem
should not be viewed as self-correcting. The model demonstrates that slower growth and
higher interest rates produce greater unemployment, especially in the presence of generous

unemployment benefits. Unless the shocks are reversed, or other institutional changes are

19Gee, for example, Nickell and Layard (1999).
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made, unemployment may be expected to remain high.

This paper clearly makes clear the importance of detailed cross-sectional information
especially of that part of the distribution that is close to breaking up. The ideal test of the
explanation in this paper would be a survey held in the sixties that would have asked firms
and workers in the US and FKurope how close they are to breaking up. The hypothesis in
this paper is that the mass of jobs that were close to breaking up was substantially higher

in Furope because of high tax rates and high outside benefits.

6. APPENDIX

In the appendix we discuss details about the data sources and different types of relationships

1n the model.

Data Sources. The tax data reported in Figure 4 are from Daveri and Tabellini (2000).
All other data were provided to us by Justin Wolfers and we refer the reader for a more de-
tailed description of these data to the data appendix of Blanchard and Wolfers (2000) that
is available at http://web.mit.edu/blanchar/www/harry data/. Data for standardized un-
employment rates and durations are from the Quarterly Labor Force Statistics. The OECD
replacement rates are from the OECD’s database on Unemployment Benefit Entitlements
and Replacement Rates. These numbers are based on an average over three family types,
two income levels, and seven unemployment duration levels. The real interest rate is the
nominal interest rate on long-term government securities less the annualized rate of inflation
over the last five years using the GDP deflator. Finally, total factor productivity is the Solow

Residual in the business sector, scaled by the labor share.

Types of Workers. Given tax rates and values for b one only needs to know the frac-

tion of low-skilled workers, the fraction of high-skilled workers, the fraction of (low-skilled)
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unemployed entitled to no unemployment benefits, the fraction of low-skilled unemployed
entitled to b;, the fraction of low-skilled unemployed entitled to b;, and the fraction of high-
skilled unemployed. To calculate average wages (which in turn determine unemployment
benefits) and tax rates a more precise disaggregation is needed. In Table 8 we report all the
different types of workers their outside option or unemployment benefits and if applicable

the values of z at which they operate.
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Figure 2: Unemployment Duration
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Figure 3: OECD Replacement Ratio
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Note: Data are described in the appendix.

Figure 4: Effective Tax Rate
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Note: Data are from Daveri and Tabellini (2000).



Figure 5: Tota Factor Productivity Growth
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Figure 6: Real Interest Rate
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Figure 7: Transformed Discount Factor
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Figure 8A: Effect of Decrease in TFP Growth on Rejection Margin

Surplus

S(zb): surplus S (zb): surplus with
with high TFP low TFP growth
growth

z(b) z%b) z

Figure 8B: Effect of Decrease in FTP Growth on Destruction Margin
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Figure 9: A Decrease in b and the Effect of Replacement Rates on Zero-Surplus Margin
(identical cross-sectional distributions)
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Figure 10: A Decrease in b and the effect of Replacement Rates on Zero-Surplus Margin
(higher rate of exogenous destruction in US)
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Table 1: Benefit Measures (1989-1994)

Benefit Replacement Rate  Benefit Duration (years)

France 57 3
Germany 63 indefinite
Italy 20 0.5
Spain 70 3.5
U.K. 38 indefinite
u.S 50 0.5

Source: Nickell and Layard (1999, p. 3045).

Table 2: Benchmark Parameter Vaues
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Table 3A: Equilibrium Unemployment Rates for Benchmark Specification

f =03 f =05

discount 0.97 4.97 6.62
factor b 0.98 4.97 5.64
0.99 497 4.97

Note: Heref isthe replacement rate and the values of other parameters are given in Table 2.

Table 3B: Equilibrium Unemployment Rates for Alternative Specifications:

f =05 | f =03

| =05 | =0.3
r =0 r*=1.05% r =0 r =0
s?=243 | s*=243 | s*=3.18 | s*=2.04

discount | 0.97 6.75 4.97 7.85 5.71
factor b 0.98 5.75 4.97 6.24 5.35
0.99 5.01 4.97 4.99 5.01

Note: Heref isthe replacement rate, | isthe matching probability, r* is the rate of exogenous breakups,
and s? isthe standard deviation of the idiosyncratic productivity shock. The values of other parameters are
givenin Table 2.



Table 4A: Equilibrium Unemployment Rates at Low Initial Tax Rates

government expenditureg

discount
factor b

0.0 0.025 0.05
0.97 6.75 7.63 8.78
0.98 5.75 6.43 7.34
0.99 5.01 5.54 6.24

Note: s, =2.43, f = 0.5, and the other parameter values are given in Table 2.

Table 4B: Equilibrium Unemployment Rates at Low Initial Tax Rates

government expenditure

discount
factor b

0.98
0.99 5.03 5.89 7.32

0.10 0.125 0.15
0.97 6.75 8.19 10.52
5.76 6.88 8.73

Note: s, =2.32, f =0.5, and the other parameter values are given in Table 2.

Table 5: Parameter VValues for Model with Turbulence
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Table 6: Equilibrium Unemployment with all shocks

A: Replacement ratef = 0.5 & upgrade probability g” = 0.15

discount factor b

0.97 0.98 0.99

downgrade 0.0 28.7 26.9 25.1
probability 0.05 20.9 17.0 12.6
0.1 14.4 8.8 5.0

0.15 8.0 4.0 2.7

Note: Parameters values are given in Table 5.

B: Replacement Ratef = 0.3 & upgrade probability ¢’ = 0.15

discount factor b

0.97 0.98 0.99

downgrade 0.0 5.0 5.0 5.0
probability 0.05 5.0 5.0 5.0
0.1 5.0 5.0 5.0

0.15 5.0 5.0 5.0

Note: Heres, = 3.10, r *=0.98, and the other parameters values are given in Table 5.

C: Replacement Ratef = 0.5 & upgrade probability g” = 0.1

discount factor b

0.97 0.98 0.99

downgrade 0.0 34.5 33.0 312
probability 0.05 27.7 23.9 18.5
o 0.1 23.2 16.3 5.01
0.15 185 4.23 3.91

Note: Parameters values are given in Table 5.

D: Replacement Ratef =0.3& upgrade probability ¢’ = 0.1

discount factor b

0.97 0.98 0.99

downgrade 0.0 9.6 7.8 6.4
probability 0.05 54 5.1 4.8
o 0.1 5.6 5.3 5.0
0.15 5.7 54 51

Note: Parameters values are given in Table 5.



Table 7: Equilibrium Unemployment with all shocks
(Mortensen & Pissarides type increase in Turbulence)

discount factor b

0.97 0.98 0.99

cross-sectional 2.83 8.75 511 3.32
standard 2.91 14.36 8.77 501
deviation s, 2.99 19.72 14.37 8.39

Note: f = 0.5, ¢ =0, and the values of the other parameters are given in Table 5.

Table 8A: Different types of unemployed agents in model with turbulence

type skill level  unemployment benefit
new labor market entrant low 0
formerly low-skilled worker low by
downgraded high-skilled worker low b
formerly high-skilled worker high b

Table 8B: Different types of employed agents in the model with turbulence

outside option  range of z values

young low skilled who accept job to become  wi(0) [z(0),z()]
eligible for unemployement benefit

low-skilled worker, formerly entitled to by, b + wi(br) [2(bn), 1]
in 1% period of employment

low-skilled worker, formerly entitled to by, b+ wi(by) [2(bn), 1]
after 1% period of employment

other low skilled workers by + wi(by) [z(by),u]
high-skilled worker who just got upgraded by + wi(by) [2+(bn),u]

other high-skilled workers b + wh(bn) [Zn(bn), 1]




