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Abstract

This paper extends the model of Blanchard and Gali (2008) to include skill loss among
the unemployed along the lines of Pissarides (1992). The unemployed loose a fraction
of their skills per quarter of their unemployment spell. If the central bank responds
only to inflation and quarterly skill decay is sufficiently high, determinacy requires
a coefficient on inflation smaller than one. This holds regardless of whether the
central bank responds to lagged, current or future expected inflation. The critical skill
decay percentage (i.e. the level of skill decay changing the determinacy requirement
in the monetary policy rule) is low and plausible if the flow characteristics of the
labour market are "Continental European" (little hiring and firing). In an American
style labour market with much hiring and firing, the critical skill decay percentage is
implausibly high.

Neither responding to the output gap in addition to inflation nor interest rate
smoothing help to restore determinacy if skill loss is above its critical level. However,
a modest response to unemployment robustly guarantees determinacy.

Furthermore, with skill loss above its critical level and the inflation coefficient in
the interest feedback rule being larger than one, both an adverse sunspot shock and
an adverse technology shock increase unemployment extremely persistently.
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1 Introduction

The idea that skill loss among the unemployed might generate a relationship between
the actual and the natural unemployment rate is an old one. In fact, Phelps (1972)
himself emphasized this mechanism when developing the concept of the natural rate of
unemployment. In this paper, we introduce skill loss among the unemployed along the
lines of Pissarides (1992) into a New Keynesian model with hiring frictions developed
by Blanchard and Gali (2008). We assume that workers who remain unemployed for
one quarter or longer loose a fraction of their skills per quarter of their unemployment
spell. The share of those unemployed for more than one quarter affects the willingness
of firms to create jobs as firms are matched with different types of workers according
to their share in the job seeking population. Our goal is to investigate the effects of
introducing skill loss on macroeconomic stability under varying monetary policy rules
and degrees of skill loss. As far as we are aware, this question has not been addressed
so far within a state-of-the-art general equilibrium framework.

Our key results are as follows. Firstly, for sufficiently high levels of skill loss, a
nominal interest rate feedback rule with a coefficient on inflation exceeding one does
not guarantee determinacy if the quarterly skill loss percentage is large enough. If
the central bank responds only to inflation, the coefficient on inflation has to be less
than one. This does not depend on whether the central bank responds to current,
expected future- or lagged inflation. Secondly, let us denote the level of skill decay
above which determinacy requires the nominal interest rate to respond less than one
for one to inflation as the "critical level". We find that the critical level of skill decay
will be implausibly high if we adopt what Blanchard and Gali deem an "American"
calibration of labour market flows, i.e. a high job finding probability and a high
job destruction rate. By contrast, if we adopt Blanchard and Gali’s "continental
FEuropean" calibration, with little hiring and firing, the critical skill loss percentage
will be a lot lower, about 2.5% per quarter. Thirdly, under the continental European
calibration, with skill loss above its critical level and the inflation coefficient in the
interest feedback rule being larger than one, both an adverse sunspot shock and an
adverse uncorrelated technology shock have very persistent effects on unemployment.

Our results can be compared to an evolving literature on how the determinacy
properties of monetary policy rules change when monetary policy has some indirect
or direct effect on the supply side. These papers regularly find that some sort of
restriction on the inflation coefficient in the interest feedback rule and/or some re-
sponse to output are necessary to ensure determinacy. For instance, Korozumi and
van Zandweghe (2008) and Carlstrom and Fuerst (2005) find in a New Keynesian
model with capital, an interest feedback rule where the interest rate only responds
to expected inflation limits the permissible inflation responses to an extremely small
range above but very close to one. With such a rule, higher future inflation increases
the ex ante real interest rate and thus the expected future capital rental via the no
arbitrage condition. This in turn increases expected inflation. Kurozumi and van



Zandweghe (2008) also show that even a modest response to current output (as op-
posed to the output gap as used in this paper) substantially widens the permissible
range. A response to the lagged interest rate above a certain threshold has a similar
effect. Duffy and Xiao (2008) qualify their results by showing that in the presence of
capital stock adjustment costs, even a modest response to expected future output is
enough to guarantee determinacy.

Surico (2008) considers a New Keynesian model with a cost-channel along the
lines of Ravenna and Walsh (2006), where the nominal interest rate has a direct
positive effect on inflation since firms have to borrow working capital to pay wages.
He shows that, if the interest rate responds to current inflation, determinacy requires
an upper bound on the inflation coefficient, which, however, is too high to form a
relevant constraint for monetary policy. Tuesta and Llosa (2009) investigate the same
model with a purely forward looking rule and show that determinacy is unattainable
if the central bank responds only to expected inflation.

All of the cited results have in common that the determinacy problem caused by
a monetary policy rule responding to inflation alone is never caused by the active
response to inflation per se, but to the timing subscript of inflation in the interest
feedback rule. By contrast, in the model proposed here, it is the Taylor principle
itself -the idea that an increase in inflation should sooner or later cause an increase
in the real interest rate- which causes indeterminacy if the labour market flows are
low and quarterly skill loss among the unemployed is too high.

The paper is structured as follows. Sections two discusses some empirical evidence
for skill loss among the unemployed while section three derives the model. Section
four analyses determinacy in the absence of skill loss, i.e. in the original Blanchard
and Gali (2008) model. Section five derives the marginal cost equation in the presence
of skill loss and shows how the effect of unemployment on marginal cost is affected
by the introduction of skill loss. Section six analyses determinacy in the model with
skill loss. Section seven discusses the response of the model under the European
calibration to an adverse sunspot shock and an averse technology shock. Section
eight concludes.

2 Evidence for Skill Loss

Direct, quantifiable evidence for skill loss during unemployment is difficult to obtain.
An idea of the size of skill decay over time can be gained from the literature on wage
loss upon worker displacement. This literature has produced evidence based on panel
regressions showing that the wage upon reemployment depends negatively on the
duration of the unemployment spell. Skill decay during unemployment is usually seen
as one of the factors causing this relationship, although the evolution of reservation
wage due to other factors (for instance depletion of an unemployed persons wealth)
would be expected to have an impact as well. Evidence along these lines include
Addison and Portugal (1989) for American male workers displaced and reemployed
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between 1979 and 1984, Pichelmann and Riedel (1993) for Austrian workers between
1972 and 1988, Gregory and Jukes (2001) for British male workers between 1984
and 1994 and Gangji and Plasman (2007) for Belgian workers. Their findings on the
effect of a one year unemployment spell on the real wage are -39%, -24%, -11% and
-8% respectively.! Pichelmann and Riedel (1993) explicitly ask whether the earnings
penalty arising from duration diminishes over time and find that it is permanent.
Furthermore, Nickell et al. (2001) look at three four year periods between 1982 to
1997. They ask how the earnings loss is changed if the unemployment spell exceeded
6 months and find an additional permanent earnings loss between 6.8% and 10.6%.>
To which extent these numbers reflect skill depreciation depends on the movement of
the reservation wage in general and in particular its responsiveness to the respective
workers human capital evolution.

There is also evidence suggesting that unemployed workers become less attractive
employees as their unemployment spell lengthens. Jackman et al. (1991) cite various
studies showing that morale and motivation decline the longer a person remains
unemployed.®? The stylised fact that the probability of an unemployed person of
leaving unemployment increases with the unemployment duration (see for instance
Machin and Manning (1999)*) is also seen by some as evidence for skill loss among the
unemployed. It is however a priori unclear whether this represents "true" duration
dependence, i.e. the worsening of an individual’s employment probability over time,
or merely individual heterogeneity, possibly unobserved. In the later case different
individuals have different hazard rates of leaving unemployment as a result of differing
individual characteristics like their education. The individuals with higher hazard
rates will leave the unemployment pool quickly, implying that the average hazard
rate of a cohort of unemployed falls as the unemployment spell lengthens. However,
Jackman et al (1991) argue that in the presence of pure individual heterogeneity, and
under certain assumptions about its nature, the ratio of the average hazard rate and
the hazard rate of new entrants into unemployment would have to be constant as the
average hazard rate moves up or down. They find that for British data, the average
hazard rate declines in fact much more than the hazard rate of new entrants. Van
den Berg and van Ours confirm this result using other "eyeball" tests ° and a more
formal non-parametric estimation method®. Using the same method, they also find

'For Addison and Portugal (1989), we have calculated the annual earnings penalty using the
lower coefficient on log(duration) in their two preferred specifications (Table 3, columns 5 and 6),
p. 294. Duration is measured in weeks. For Pichelmann and Riedel (1993), we had to resort to the
same procedure. Their coefficient estimates for the effect on the real wage is reported in table 2, p.
8. The results of Gregory and Jukes (2001) are reported on page F619, while the results of Gangji
and Plasman (2007) are reported on page 18, table 2.

2See Nickel et al. (2001), p. 17.

3See Jackman, Layard and Nickell (1991), p. 259.

4See Machin and Manning (1999), p. 3100.

van der Berg and van Ours (1994), p. 23.

6See Van der Berg and van Ours (1994b), p. 442.



negative duration dependence for the United States.” The model discussed below
does not actually model duration dependence (although it could be extended to do
so). However, overall, we view the evidence above as indicating that workers are less
efficient at work the longer they have been unemployed.

3 The Model

In this section we add skill loss along the lines of Pissarides (1992) to the Blanchard
and Gali (2008) model. We first go through the optimisation problems of households
and firms and then show what the expressions for marginal cost and the Phillips
Curve look like in the absence and in the presence of skill loss.

3.1 Households

The economy is populated by a continuum of representative and infinitely lived house-
holds. A household consists of a continuum of members who supply labour to firms.
They might be employed or unemployed. The household derives income from wage
payments, bond holdings, and firms’ profits. It allocates its income to buying a CES
basket of consumption goods and a riskless bond to maximise

Etz 10g Ct (]‘)
t=0

where C; denotes consumption, subject to the budget constraint

By : B,

1 _ E>0C+ —

Pt ( + (5 1) + t = Ut + Pt
where P;, Ny, W, By, i, and F; denote the price level, hours worked by the members
of the household, the real wage, bonds, the nominal interest rate and the profits of

firms. Consumption is governed by the usual first order condition

1 1 1
[ 1+' E -
C; 1+l 8 t{1+77t+1 Ct+1:|

where 7; denotes the inflation rate.

3.2 Firms

There are two types of firms. Final goods firms indexed by i produce a differentiated
product using the intermediate good X; (i) in the linear technology

Y; (Z) =Xy (2)

"Van der Berg and van Ours (1996), p. 123.



They produce the varieties in the CES basket of goods consumed by households. The
demand curve for variety i resulting from the household spreading it’s expenditures

across varieties in a cost minimising way is given by ¢ (i) = C} <pt?(j)> B , where ¢, (7),
p(i) and P, denote consumption and price of variety i and the price level of the
consumption basket, respectively. We will assume that final goods firms face nominal

rigidities in the form of Calvo contracts, i.e. only a randomly chosen fraction 1 — w
of firms can re-optimise its price in a given period. They accordingly maximise

- i G <pt (J)>1_6 (Pt (J'))_H
wp Ciii — MCpyy
; el o T\ P
where mc; denotes real marginal costs. The price index evolves according to

P =1 =w) (o )+ w ()

Ey

where pf (j) denotes the price set by those firms allowed to reset their price in period
t. Taking first order approximations to both to the final goods first order condition
and the law of motion of the price index and combining the resulting equations yields
the familiar New Keynesian Phillips curve relating inflation in period t to expected
t+1 inflation and period t marginal costs. The marginal cost of the final goods firms
equals the real price of the intermediate good, %I.

Intermediate goods firms operate under perfect competition and are owned by
households. As is common in the matching literature, we assume that a fixed frac-
tion 0 of jobs is destroyed each period. This can be thought of as an idiosyncratic
productivity shock and implies that even with constant employment, there are con-
stantly flows in and out of employment. Thus employment of firm j evolves according
to

Ni () = (1 = 0) Nia (4) + Hy (5)
Where H, (j) denotes the amount of hiring in firm j. Aggregate hiring is accordingly
given by
Hy =Ny — (1 —0) Ny (2)

Note that the lower is 9, the more H; will depend on the change as opposed to the
level of employment.

The Intermediate good firms employ labour to produce intermediate goods X; (j),
where j indexes the intermediate good firm. Following Pissarides (1992), we assume
that the productivity of a newly hired worker is the product of exogenous technology
AP and the skill level of worker of type i A’. Thus the productivity prod: of a worker
of type i is given by

prodi = AL A’

We follow Pissarides (1992) by making the following assumptions. A’ equals 1 if

he is short term unemployed, i.e. if he lost his job in period t. Unemployed workers
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loose a fraction ¢ of their skills per quarter if the remain unemployed for 1 quarter or
longer. Skill decay continues for the duration of the unemployment spell. We assume
further, following Pissarides (1992), that the unemployed regain all their skills after
one quarter of employment, that intermediate goods firms meet workers according
to their share among job seekers and that they hire any worker they meet.® Finally,
when firms decide whether to hire or not they know the state of exogenous technology
AP but not which type of worker they are going to meet with.

We denote the average skill level of the newly hired as AL.The productivity of a
newly hired worker expected by the firm when deciding whether to hire is denoted
by A; and is accordingly given by

Ay = AfAtL (3)
AL is given by
Ap =) Bsi (4)
i=0

where 3, = 1 — §, and s! denotes the share of those unemployed i periods among job
seekers. Note that AF will be smaller than one if §, > 0 and equal to one if §, = 0.
We will refer to A as the average skill level in period t rather than the expected skill
level to avoid confusion when we refer to F; AL, ;.

The shares of the various groups among the number of job seekers, denoted as Uy,
are given by

ONi 1 I (1 — 2—)
J

=1

e )

where z; denotes labour market tightness, defined as the ratio between aggregate
hiring H; and Uy, i.e.

S =

H,
Ty = U, (6)
We interpret labour market tightness x; as the probability of an unemployed per-
son to move into employment in period t. For instance, s? is calculated as follows:
0 N;_3 workers loose their jobs in period t-2. A fraction x;_s moves right back into
employment while a fraction (1 — z;_5) remains unemployed and keeps looking for
jobs in period t-1. Of those §V;_3 (1 — x;_5) workers, a fraction (1 — z;_;) does not
find a job during t-1 and is still unemployed at the end of that period. Dividing
those 0N;_3 (1 — x;_2) (1 — ;1) unemployed by U; then gives the share of those un-
employed for two periods among job seekers in period t.
U; consists of those who did not find a job at the end of period t-1 and those
whose jobs were destroyed at the beginning of t:

Ut - ]_ - Nt—l + 5Nt_1 - 1 - (1 - 5) Nt—l (7)

8See Pissarides (1992), pp. 1371-1391. In contrast to Pissarides, skill loss does not stop after one
quarter in our model.



As in the Blanchard Gali model, we assume that the real wage is rigid. We assume
that the wage of a worker depends on his individual productivity in exactly the same
way as in Blanchard Gali (2008): The wage W, of a worker who has been unemployed
for i periods is given by W/ = ©' (A Ai)lﬂ, with 0 < <1 This means that there
are five different wage levels. Accordingly, the real wage the firm expects to pay when
it decides to hire is given by

= (Zﬁ =) ) (an) 8)

Note that for 6% = 0, this collapses to W, = ©' (AP ) as in Blanchard Gali. This is
the wage a firm expects to pay when it decides whether to hire. ©’ is backed out to
support a desired steady state combination of x, § and n. This is shown in Appendix
II. For future reference, we denote the skill dependent part of the real wage as

Wi = (Zﬁi“‘”sé) (9)
1=0

As in Blanchard and Gali (2008), we assume that every hire generates a cost G,
which is proportional to the productivity of a newly hired:

Gy = A,B'z° (10)

where B’ denotes a constant.

The intermediate goods firms will hire additional workers until the hiring costs
of an additional worker equal the present discounted value of the profits generated
by this worker. However, unlike in the Blanchard and Gali model, we have to take
account of the skill level of the workforce hired in period t as well as their wage
schedule change in period t+1, as all hired workers who remain employed upgrade to
the full skill level after one quarter. Thus we have

= e Pt1+z P 0
E G5(1—96 ( A i — Wi, 11
i1 ( ) Citi \ Pryi i o ( )

_ B g
G, = —LAPAL — W, + E,
P,

where ?t denotes the real price of intermediate goods. The terms %{Af AL — W,
; i C pr .
and F} ZB’ (1-19) o ( PZLA tri Wﬁ”> represent the flow profit generated in

period t (when the worker has just been hired) and the present discounted value
of profits generated in period t+1 and after, respectively. Note that due to our
assumption that the worker regains all his skills after one period, the expression for
the flow profit in period t is different from the expression for the flow profit in period
t+1 and after. Rewriting this equation as a difference equation and noting that the
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real price of intermediate goods firms equals the marginal cost of final goods firms
7
(hence P—tt = mc;), we have

P

mctAfAtL = Wt + Gt (12)
C

—B(1-9)E; . (Gtﬂ + mCtJrlAfH - Wt0+1 - (mCtJrlAEHAtLJrl - WtH))

t+1

The left hand side represents the real marginal revenue product of labour, which
depends on the period t average skill level among applicants. Clearly, an increase in
the quality of the average period to job seeker AF will reduce period t marginal cost.
The right hand side features the period real wage W; and the period t hiring costs Gy,
and, with a negative sign, the present expected value of hiring costs saved (Gy11) by
hiring the worker in t rather than t+1. While an increase in hiring cost today means
increasing production is more costly, an increase in future expected hiring costs will
induce intermediate goods firms to shift hiring into the present, thus lowering the
price of intermediate goods and thus marginal cost.

In addition, the right hand side also includes the present expected value of the t+1
difference between the real profit generated by a fully skilled worker (with productivity
Al and real wage W7,,) and a t+1 newly hired worker (with productivity A7, Af,
and real wage W;,1). This represents an additional benefit of hiring today rather than
tomorrow not present in the Blanchard Gali model. For further reference note that
this benefit decreases in AtLJrl and increases in W;,; and mcy ;. Thus an expected
higher t+1 skill level will increase marginal cost in period t (since it reduces the
benefit from hiring today), while a higher expected average real wage for the t+41
newly hired and a higher expected t+1 price of intermediate goods (i.e. higher t+1
marginal cost) will decrease it.

While A; is the relevant level of productivity at the margin, the average produc-
tivity of the whole workforce after adding the newly hired will be different because
those employees who remained in employment from t-1 to t are all fully skilled. The
average productivity level AZ is then given by

Al = A7 [s)V AP+ (1—8))] (13)

where sV denotes the share of the newly hired in period t employment, which is given
by
H, N,—(1—-0)N,_
oo e N (20 Ny (14)
N, Ny
To set up the production function, we have to use A2N; for gross output. Hence the
production function becomes

Cy = AN, — B'a® AP AFH, = AXN, — B'a0 AP AF (N, — (1 = 6) Ny_y) (15)



3.3 Marginal Cost and Phillips Curve the Absence of Skill
Loss

The assumption of hiring costs made by Blanchard and Gali has interesting con-
sequences for the Phillips Curve, which we would like to highlight next. It is well
known that monopolistic competition and Calvo pricing as found in the final goods
firms lead to, up to first order, the familiar New Keynesian Phillips curve relating
inflation to expected future inflation and marginal costs (a lower case variable with
a hat denotes the percentage-deviation of this variable from its steady state, unless
otherwise stated):

(1—pfw)(1—-w)

w

Ty = ﬁEtTrtJrl + )\W/I\Ct, A= (16)

Concerning marginal cost, in appendix V we show that combining log-linear approx-
imations of equations (12) to (15) combined with log linear approximations to (6),
(7) and (2) allows one to express the percentage deviation of marginal cost from its
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steady state as

L L

—~ IL~L L ~L ~ L ~L ~P ~P
me; = —aya +wywy + ay By, — wy Bywyy — poay, — prBag,  (17)

/PN AN ! o~ —~
—I—hont + thtfl + hFEtnt+1 - hCEthtJrl

where
1— AL
he = 6(1_5)%a g:B/xa

e = -s1-9) (%L - x)

J

to= (M) s a- ) +s0-0) (6 -6) X

M '
to= () a-aa-0-pa-a6x
Als (1 -
Alg (1 -
M M
M© -W
o= V10X, p=p(1-0) MO

1— AL — M (O — W)

X = gM+

AL
¢ Atl-g(+a)
0 AA — Ago
¢ - (1-0) (1 +a(l—=x)Alg+ (1 - A%))
o AA — ALgs
' = 1—gM—(1—fy)%W

Smaller case variables with hats denote the percentage deviation of a variable from
its steady state and M denotes the steady state mark-up of final goods firms.

We consider first the case of no skill loss, i.e.

11

0° = 0. In this case we have



Al = A2 =1,0" =W and al = @r. This yields

T/TL\Ct = hoﬁt + hLﬁt—l + hFEtﬁt—&-l - pgat (18)
o = (H) (145007 (1= 0) - 1= )M (6 - &)

o= - (M) -0 - 00 e,

he = —81=0)gM ((5)-)

1—g(1+a)
o (1-49)
¢ = g(1=8)(1+a(l—-21))
' (1—dg)

Hence marginal cost depends positively on current employment but negatively on
lagged employment. An increase in 7; increases labour market tightness and thus
marginal cost, while an increase in n;_; reduces the amount of hiring necessary to
achieve a given amount of employment in period t and thus reduces marginal cost.
Marginal cost also depends positively on F;n;, 1, as higher t4+1 employment in implies
higher hiring costs in that period, thus increasing the benefit of creating jobs today
and correspondingly lowering the price of intermediate goods.

Note that the effect of lagged and lead employment, relative to the effect of cur-
rent employment, increases the less "fluid" the labour market is, i.e. the lower the
separation rate 0 and the steady state job finding rate x for a given level of employ-
ment.” Assume for instance, for the sake of example, that we have N = 0.9 and,
unrealistically = 0.9, implying a separation rate of 6 = 1. In this case, we have
hy = hrp = 0. In this scenario, all worker are fired at the beginning of the period.
This implies that hiring and hence the cost of hiring depend only on N, and that the
cost of hiring in the future is irrelevant for job creation today because no job lasts
longer than one period anyway. As we lower the job finding rate and by implication
0, the values of h;, and hp increase.

Using the relationship n; = ﬁ (where u; denotes the percentage point, not
the percentage deviation of unemployment from its steady state) and (16), we arrive
at the Phillips Curve:

T = BEmi — Koty + Kli—1 + ke B — Apody (19)
Ak _ =Ahg _ —Ahp
A T VAL

For future reference, we note that in the Blanchard Gali model we always have
ko — kr — kp > 0.1 This means that a "permanent" increase in unemployment (i.e.

z(1—N)

9Note the following steady state cross coefficient restriction between &, x, and N : § = Na—2)

for values of t < N and N < 1.
10T his is easily shown: kg — K1, — kp = ﬁ (ho+hr + hr)
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an equal sized increase in u;, uy—1 and ;1) reduces inflation because the effect of
current unemployment dominates the effect of lagged and lead unemployment.

The fact that lead as well as lagged unemployment have positive effects on price
setting and thus inflation through their effect on marginal costs clearly distinguishes
the Phillips Curve in the Blanchard and Gali model from its counterpart in the
canonical New Keynesian model. The presence of a lagged unemployment term in
the Phillips Curve is commonly associated with (partial) labour market hysteresis.
Here the effect of lagged unemployment works through the effect on price setting.
Jackman et al. (1991) jointly estimate a wage and a price setting equation featuring
both the level and the change in the unemployment rate for 19 OECD countries,
and find that the change in the unemployment rate has a positive effect on the real
wage employers are willing to pay (given the change in the inflation rate and the level
of unemployment) in all countries except for the United States.!! This implies that
lagged unemployment has a negative effect on the real wage employers are willing to
pay and thus boosts inflation.

The difference between the United States and other, mostly European OECD
economies concerning the role of lagged found by Jackman et al. is at least qualita-
tively reflected by (19) if the "American" and "European" calibrations of Blanchard
and Gali are adopted, respectively. The two parameterisations are displayed in table
1. The two calibrations differ in that in the United states, steady state unemploy-
ment is lower and the labour market is more fluid, with a high steady state job finding
probability x of 0.7, which (given u) backs out a high separation rate of 0.12. In con-
tinental Europe, unemployment is higher, with v = 0.1, and there are less flows in
and out of unemployment, with = = 0.25 which backs out a separation rate ¢ of only
0.04. Plugging these parameters into (19), we get

m = 0.99Em,1 — 0.083u; + 0.024,_1 + 0.056 B4ty 1 — APya; [? American"|
m = 0.99Em1 — 0.143u; + 0.063u;—1 + 0.079 ;1 — APya; [’ Continental European|

The weight of lagged unemployment relative to the coefficients on current and lead
unemployment is clearly higher under the continental European calibration than un-
der the American one, as found by Jackman et al. The reduction in § and = as we
move from the American to the continental European calibration increases all three
coefficients but the proportional increase is clearly the biggest for lagged unemploy-
ment. 2

=2 %M(1+B(176)2(1—x)7(175)(1—z)fﬁ(176)) > 0. using the fact that that 1 —

1—u
5= %, this can be simplified to (1—N)22+(N — z) N (1 — 3) > 0. This holds for all permissible
values of , 8 and N since the maximum value = can take without violating § <1 is N.
1See Jackman et al (1991), pp. 401-408.

12This is due to the fact that the absolute value of the coefficient on 7;_; in the equation relating
Z; to ny_1 and n; equals %}1_1). The coefficient on 7y, which equals the coefficient on 7,4 in

Zy11, depends only on 1/6. Once we substitute out Z; and Z;41 in the marginal cost equation, this

13



Table 1: Calibrations

Parameter | "American" | "European"
6] 0.99 0.99
A 0.08 0.08
0 6 6

M 1.2 1.2

« 1 1

x 0.7 0.25
u 0.05 0.1

) 0.12 0.04
B’ 0.12 0.12
g 0.084 0.03
o 0.845 0.941
& 0.097 0.051

4 Determinacy in the Blanchard and Gali Model

We now explore under what conditions the Taylor principle ensures determinacy in
the Blanchard Gali model. For that purpose, we first write our model as a system
in 7, U, G, i and @; and close it by adding an interest feedback rule. The full model
consists of

Ty = BEtﬂ-t—&—l — :‘i()at + HLat_l + IQFEtiL\H_l — /\poat (20)

o &1
1—u’ 1—u

C¢ = Gy — CoUt — C1Ug—1, Co =

¢ = By — <it - Eﬂtﬂ)

~ ~ .. 2
ay = P Q-1+ e, e .i.d. ~ (O,a )

/L.t = ¢7r7rt + ¢uat7 ¢7r Z 07 ¢u S 0

The second equation is a log-linear approximation to equation (15) in the absence
of skill loss. These equations can be reduced to system of three first order difference
equations with variables 7;, U; and an auxiliary variable 4 = %;_; and the forcing
process ay :

Eymiq T

Etut+1 =A Ut + bCLt (21)
~L ~L
Uty Uy

where A is a 3x3 coefficient matrix and b is a 3x1 coefficient vector. This system has
one predetermined endogenous variable, @X, and two endogenous jump variables, 7,

is multiplied with (1 — §) as the effect of future expected hiring costs depends on the likelihood that
a job survives. Thus as § and x both decrease, we will see a bigger increase of the coefficient on
lagged employment (lagged unemployment) than on lead employment (lead unemployment).
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and u;. To check for determinacy, we can thus apply proposition C.2 from Woodford
(2003) to matrix A.'* This is done in the appendix. The result is summarised in the
following proposition:

Proposition 1 Consider the system described by (20) equilibrium is determinate if
and only if(bw—qbu% > 1 and a set of other conditions discussed in the appendix
are met, which however hold under reasonable restrictions on the parameters. Proof:

Appendiz 1

The interpretation of this condition is analogous to the one derived in Woodford
(2003) for the canonical New Keynesian model, since it also says that in the long run,
a one percentage point increase in inflation should trigger an increase in the nominal
interest rate of more than one.'* If inflation increases permanently by one percentage
point, this will increase the nominal interest rate directly by ¢ and indirectly through
the reduction in unemployment, which amounts to %, times the coefficient on
unemployment in the interest feedback rule, ¢, (which is restricted to be negative).

Hence it suffices for determinacy to set ¢, > 1.

5 Marginal Cost and Phillips Curve in the Pres-
ence of Skill Loss

The main difference between (17) and (18) is the presence of the —ala; + af Ear, | +
wiwf —wl By}, | term, the —py Eyaf,, term and the —h.Eymc; 1 term. The intuition
for the impact of these on marginal costs was already provided in section 3.2. In this
section we will express both the period t skill level of the average job seeker and the
skill dependent real wage as a function of past employment alone. We also characterise
the implied relationship between marginal cost and unemployment, and how the long
run relationship between marginal cost and unemployment is shaped by the skill loss
percentage ¢, and the job finding probability x.

To fully determine marginal cost, we will express both the skill level and the
skill dependent component of the real wage as a function of past employment. In
appendix III we show after linearising (4), (5) and (7), (6), and (2), we can express
the percentage deviation of the average skill level from its steady state a’ as weighted
infinite sum of past employment rates

o0

~ no n 1 i i i
af = Zai Ny, Ay = w (1-2) (53 - 53) (22)

=1

13See Woodford (2003), p.672-673.
“Woodford (2003), p. 254.
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and analogously for @’ (using (9) instead of (4))

N 1 . . .
= YW, wf == (1= ) (070 i) (23)
u
=1

For both equations, the coefficients on past employment ] and w] are zero for
0s = 0 and larger than zero for §, > 0. Higher past employment means that the
unemployment spell of the average job seeker will be shorter. This increases the
average skill level and by implication also increases his real wage.

Furthermore, both a] and w]' decrease in the steady state job finding probability
x. If people move quickly out of unemployment, the effect of t-i employment on
the average skill level in period t is lower since the additional worker employed in
period t-i had a high probability to find a job in period t-i+1 or after that anyway.
Analogously, the effect of employment on the skill dependent part of the real wage
declines as well.

For the marginal cost of firms, what matters is not merely the direction of the
effects of past employment on labour productivity and the real wage of the newly
hired but also their relative magnitude. We would also like to know how the later
depends on d, and x. Furthermore, what matters for our reasoning below will be the
derivatives of the joint effects of past employment on the skill level and the real wage
rather than the derivatives of the individual a coefficients. They are summarised by
the following proposition. °

Proposition 2 Let " = ga? and w" = i;ilw?.Then a" = %ﬁ, w" =
1%% and a" > w" if and only if v > 0 and B, < 1. Furthermore, g% =
MW >0 and 2 =12 (1 — ) (1—(1?8;;17) > 0. %0 > %L if B is close
to 1 and~ > 0. Furthermore, 88“ = —%ﬁ <0 andag’—: = —%W <

0. Finally, % > g’—x if and only if B, is close to one and vy is sufficiently large. Proof:
Appendix TV.

This proposition says that for positive skill loss and real wage rigidity, the joint
effect of past employment levels on the quality of the average job seeker will always
dominate the joint effect of past employment on the real wage. Furthermore, an
increase in the quarterly skill loss percentage will increase both the joint effect of past
employment on the quality of the average job seeker and the real wage. However, if
skill loss is small and there is real wage rigidity, an increase in the quarterly skill loss
percentage will have a larger impact on the joint effect of past employment on the
average skill level than on the effect of employment on the real wage.

15 As we show in the appendlx for 6, > 0, the relative magnitude of the a}' and w; coeflicients
and in the case of 2 d 5 and also the sign will depend on i.
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Under qualitatively the same conditions, an increase in the job finding probability
will reduce the joint effect of past employment on the quality of the average job seeker
by more than the effect of past employment on the average real wage. These condi-
tions are easily fulfilled for reasonable calibrations and in any case for the calibrations
we will employ below.

The above implies that in the presence of real wage rigidity (v > 0)

e with positive skill loss (65 > 0) a "permanent" increase in unemployment (de-
crease in employment) increases the ratio between the (average) wage of the
newly hired and their average productivity, while a decline in unemployment
(an increase in employment) decreases this ratio. More formally, for a given
increase in unemployment Aa’ < Aw*

e the size of the increase of the ratio between productivity and the real wage
increases in d,. Hence if 0, is higher, Aw” — Aa” will be higher as well.

e the size of the increase in the gap between productivity and the real wage
decreases in x. Hence if  is higher, Aw” — Aa” will be smaller.

We now turn to the meaning of all this for the relationship between unemployment
and marginal cost. Note that a¥ > a% and w¥ > wl if §, 3 > 0, as will be the case for
reasonable calibrations. Hence we can obtain from (17) that a permanent increase in
the average skill level will lower marginal cost and an increase in the (skill dependent
component of) the real wage will increase it. This is because the gain from hiring
today rather than tomorrow originating from the skill appreciation is uncertain and
is being discounted. The same is true for the effect of the factors affecting this gain
on marginal cost.

Furthermore, as can be obtained from their definitions, al’ — af and wf — wf will
be quite close for sensible calibrations. We have seen that if unemployment increases
permanently, both @ and @/ ; decline by a larger amount than @} and @/, if v > 0.
This means that unemployment increases marginal cost via this channel, the more so
higher the degree of skill loss d,. Thus we would expect an increase in d, to make the
link between unemployment and marginal cost less negative.

We now turn to characterise the effect of unemployment on marginal costs and
how this effect depends on d; more rigorously. First, we quasi-difference (22) and
(23), which yields

1

u

it = -0
ol = (1—u1) (% (1- 5;—7) ne1+ 5?7@1{:1)

(1 - 65) ﬁtfl + 5s/a’\fl>
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Substituting these equations into (17) and using n; = % yields

Nne;, = —a*af + wr o} — Ky + K 1 + KBy (24)

—heEAme 1 — A (po + papr) @
Us—1

i = (o) (-8 s sl )

ot = e (-0 i )

a*t = A(af—ag(l—x)ﬂs)
w = Awk—ut(1- ) 817)

1—
v ion -
: A

1—u
—A\B, . =Mk

Ky = K =
L 1—u "

1—u
Settlng T/I’-L\Ct_t,_l = W/’L\Ct = T/I’-L\C, at+1 = ﬁt = at_l = ﬁ, atL = af_l = aL and ?DtL =

wk | = w* and ignoring exogenous technology, we can write

* _x ok ok (1-B,)(1-x) . (1= )(1-2)
[Ho kp—Fon =4 ya)0-1-—=)3.) +w u(l—u)(l (1-2)8:7) | _
Uu

1+ he
= —KU (25)

/ ’ / _ — al—al _ BL7) (wE —wk

Ame = —

!
v (-(1-2)8,) u (1 (1—0)8:7")
ko= (1+he) (1 —u) Yo

—k gives the effect of a "permanent" increase in unemployment on marginal cost.
Most conveniently, substituting the definitions of hy, k) and h} yields

-+ he = I (14 (1= 6 (1~ 2) = (1= 5) (1 ) — f (1 — )]

which happens to be exactly the same as hg + hy + hp, is thus always positive and
independent of 6°.Hence in k only the term in the squared brackets and h. actually
depend on skill loss. The squared bracket will be zero if there is no skill loss (5, =
1), implying that x > 0 and thus a negative effect of a "permanent" increase in
unemployment on marginal cost.

With positive skill loss, the squared bracket represents the "skill loss channel”
from unemployment to marginal cost. The first term gives the decline of the skill

level of the average applicant caused by the decline in 7 associated with the increase
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¢ (=2) (1-8.)
v (1-(1-2)B;)
decline on marginal cost ((alL — aé)). The second term gives the decline of the skill

dependent real wage caused by the decline in n associated with the increase in u

gl
(Note that “;x) (1_<(11_;) ,61)”) = w") times the net effect of a permanent skill decline

in the skill dependent real wage on marginal cost (-(w{ — wf)).

As d, grows, we would expect the squared bracket to grow as well if the real wage
is rigid. As was pointed out above, an increase in §, means that the gap between
productivity and the real wage shrinks at a faster rate as unemployment increases.
This would lower . To check our intuition, we take the derivative of x with respect
to 0, and arrive at the following proposition:

in u (note tha = a") times the net effect of a permanent skill level

Proposition 3 Let k be as in (25) and let §5 close to zero. Then 5 <0 if vy >

095
173%331\]4”(?}5((1;),5))‘ Proof: Appendixz VI'°

Accepting the restriction on d,, the condition for % < 0 is easily fulfilled for

the calibrations adopted in this paper since Bz*M 3 (1 —65) is a small number, while
1— B'2®M (1 — (1 —§)) is very close to one. 7

Thus an increase in §, indeed makes the effect of unemployment on marginal costs
less negative. This raises the possibility of x turning negative as §, increases. To put
it differently, an increase in unemployment would then cause an increase rather than
a decrease in marginal cost, and, by implication, inflation. This has consequences for
the determinacy properties of the interest feedback rule of the central bank which we
will come back to in the following section.

We are also interested in how a change in = for a given unemployment rate will
affect x and g—(i. It is easy to show that in the absence of skill loss, g—; > (0. Hence
in the absence of skill loss, the effect of a permanent increase in unemployment on
marginal cost will be more negative. This is due to the reasons discussed earlier.
Introducing skill loss adds two opposing forces of a change in = on both x and g—i.
On the one hand, as was shown above, an increase in x will lower in absolute value the
negative effect of past unemployment on the skill level a™ and, to a lesser extent, the

16 A more general proof without restrictions on §, would have been desirable but struck us as
ok

impossible due to the complexity of the expression resulting from 55

17One might wonder why the condition in the proposition does not simply say « > 0. For better
understanding, not first that this is merely a sufficient not a necessary and sufficient condition.
As can be obtained from the appendix, the necessary and sufficient value of v would be lower.
Furthermore, it can obtained from (12) that even if there is no real wage rigidity and thus W; would
move by the same percentage as AL the effects of a decline or increase in the average skill level would
not be neutral. This is because the t+1 flow profit associated with hiring in t mc, 1A, — Wi,
does not depend on the skill level of the average applicant. Thus a permanent decline in A affect
mc; in some way even if there is no real wage rigidity. The resulting effect can be obtained from

(26) by setting v = 0 in the squared bracket: ((af —a¥) — (wf — wl)) (1:;) (1_((11_%
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effect of past unemployment on the real wage w”. On the other hand, an increase in x
given u will increase §, implying that the gain associated with the skill appreciation of
a worker hired today becomes more uncertain. This is reflected in the fact that both
ay and wl decrease as § increases, thus reducing the effect of the af,; and @}, ,terms
in (17). Concerning the effect on of a change of x on 2%, we are able to prove the

005’
following proposition:

Proposition 4 Let k be as in (25), d5 close to zero and « close to 1. Then [’gj_gx >0
if ¢ < Amu=vutiu V4“2+8“ Proof: Appendixz VI'8

This condition holds a for a wide range of reasonable calibrations of x and wu,
including those considered in this paper. Hence and increase in the job finding prob-
ability = makes g—(i less negative. To put it differently, if the job finding probability
is higher, moving to a positive value of J, will still weaken the (negative) link be-
tween marginal cost and employment, but to a lesser extent than in a less fluid labour
market.

The model developed above features multiple links between unemployment and
marginal costs. To sum up what we have learned, a permanent increase in unemploy-
ment has the following four effects on marginal cost in period t:

1. The increase in period unemployment lowers period t hiring costs (-hy/ (1 — u)),
which tends to lower marginal cost. The strength of this channel increases in
the job finding probability x.

2. The increase in period t+1 unemployment lowers period t+1 hiring cost, which
tends to increase marginal cost (—hp/ (1 —u)). The strength of this channel
decreases in x.

3. An increase in period t-1 unemployment increases period t hiring costs by in-
creasing the amount of hiring necessary to reach a given level of employment
(h}/ (1 —u)). The strength of this channel decreases in x.

4. An increase in period t to ¢ — co unemployment increases a; — @} and ay,, —

~7, C . . (1-z) (1-8,)(at—ak)
Wy, ;. The net effect of this is to increase marginal cost. (u(l_u) G-0)
(1-z) (1=8:7")(wi—wg

W) (1= (1=)8: ) (1) > 0 if §5 > 0). The strength of this channel increases in

the skill loss percentage d, and decreases in x.

Note that effects 1-3 are already present in the model without skill loss, while the
fourth effect arises from the introduction of skill loss among the unemployed.

18 Again this is a sufficient condition not a necessary and sufficient one, which can be obtained from
the appendix. For instance, the condition reported has v set equal to zero. In fact the maximum
value of = increases in 7.
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6 Determinacy in the Model with Skill Loss

We now investigate which policy rules guarantee determinacy in the presence of skill
loss. The first question we are interested in is whether ¢, > 1 is still a sufficient
condition to establish determinacy for varying levels of skill loss. Thus we consider
current, forward and backward looking rules where the interest rate responds only to
inflation. We are dealing with the following system:

Ty = 5E{ﬂ't+1 + )\7’71/\0,5 (Ml)
Mg, = —a*ar +wrhF — Ky 4+ K1+ KBl (M2)
—he EAME 11— A (po + pop1) G
. (7 N
it = () (- ) g st ) (u3)
N _ Uy o
'LUtL = (1 — {L‘) <— (1 — ﬁi 'y) m + B; thL_l) (M4)
= af + CLaf — Uy — U (Mb)
CL _ AL(S (1 B g) = 50 o — 51
AA—ALgs” 7 1—uw Y 1—w
G = Eﬁm - </@\t - Et7Tt+1> <M6)
af = p.a; .+ e, e idd. ~ (0,07) (M7)
i = By, 6,20, —1<j<1 (M8)

(M5) is derived in Appendix V. Unfortunately, unlike in the original Blanchard/
Gali model, we can not establish the conditions for determinacy analytically. There-
fore we solve the model numerically using the software Dynare and perform a grid
search for values of J; between 0 and 0.07 (step size: 0.005) and values of ¢, be-
tween 0 and 3 (step size: 0.1). All other parameters are set to meet Blanchard and
Gali’s "Continental European" calibration as reproduced in table 1. We then repeat
the grid search for the "American" calibration.!” The determinacy regions for the
current looking rule are graphed in figures 1 and 2. The area between the two lines
denotes the determinacy region in both graphs (including the points situated on these
lines). For the European calibration, for values of d5 > 0.025, the standard require-
ment on ¢, to guarantee determinacy is reversed: A unique equilibrium now requires
¢, < 0.9. The determinacy regions for the backward and forward looking rules (not
shown) are almost identical. In particular, under the Continental European calibra-
tion, the drop of the maximum value of ¢, to 0.9 for 6, > 0.025 carries over. This

19Note that the following results discussed below also hold if we use the same lower unemployment
rate under the American calibration as under the European calibration. For a given job finding
probability, this implies a lower job destruction rate.

21



suggests that it is not the timing of the active response to inflation but the active
response to inflation per se which induces indeterminacy.

By contrast, for the American calibration, ¢ > 1 does guarantee determinacy for
the whole range considered here. The determinacy regions for the current, forward
and backward looking rule are completely identical. Experimentation suggest that
for the current looking rule, the ¢, < 0.9 requirement only becomes relevant at
0s > 0.225.

Continental European Calibration: Determinacy Region
3 \
2.5 \
2
\
= 15
) \
1 ‘\ \
0.5 \
0 ‘ ‘ ‘ ‘ ‘ ‘
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07
deltas
Figure 1
US Calibration: Determinacy Region
3
2.5
2
=
= 1.5
o
1
0.5
0 ‘ ‘ ‘ ‘ ‘ ‘
o] 0.01 0.02 0.03 0.04 0.05 0.06 0.07
deltas
Figure 2

The intuition for this result can be gained by showing how the effect of a "per-
manent" increase in unemployment on marginal costs depends on d5. As can be seen
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from (25), in the absence of skill loss this effect is negative since hy + h; + hm > 0.
However, as we have shown in the previous section, g—i < 0. Thus as we increase ¢,
k will ultimately turn negative. Figure 3 plots s against d, for both the European
(broken line) and the American (solid line) calibration. Note that under the con-
tinental European calibration, the level of skill loss for which this expression turns
negative is the same for which the determinacy requirement switches to ¢, < 0.9, i.e.
0.025. Thus if marginal costs and thus inflation increases in response to a persistent
increase in the unemployment rate the central bank should lower the real interest
rate. That makes sense as an increase in the real interest rate would further reduce
demand and increase unemployment, marginal cost and inflation. Hence with ¢, > 1,
there is scope for sunspot equilibria if d, exceeds its respective critical value: An up-
ward jump in unemployment will ultimately lead to an increase in inflation and (as
¢, > 1) the real interest rate, which lowers demand and thus validates the increase in
unemployment. In the next section, when we display the impulse response function
to a sunspot shock, we show that this is in fact exactly what happens.

This leaves the question why this critical value is so much higher for the American
than for the continental European calibration. The chief reason for this is that due
to the more fluid labour market associated with the American calibration, for 6, = 0,
k is a lot higher than under the continental European calibration. The intuition
for that was discussed above. Furthermore, we have shown in the previous section
that if x is higher, the effect of 65 on x will be less ( nggx > 0) Therefore under the
American calibration, x decreases a little less as §° increases than under the European
calibration.

We now check whether interest rate smoothing would help to restore determinacy.
Therefore we replace M8 by 7, = (1 —¢;) pmi+ gzﬁﬁt_l and perform a grid search over
Gny ¢; and ds, with ¢, = [0, 3], ¢; = [0, 1] and 65 = [0, 0.07]. The determinacy
requirement on ¢_ remains almost unaffected.?’ In particular, determinacy requires
¢, < 0.9 if 6, > 0.025 independently of the degree of interest rate smoothing. This
result is in line with the intuition given above as even with interest rate smoothing,
if ¢, > 1, an increase in inflation ultimately increases the real interest rate.

200nly for p = 0.8 and p = 0.9 does smoothing make a difference in that for §° = 0.02, the
maximum value for ¢ increases to 2.3 and 2.5, respectively. For §° > 0.025, the maximum value of
¢, th drops to 0.9, as for all other degrees of smoothing.
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We investigate next whether responding to the output gap in addition to inflation
helps to restore determinacy under the European calibration. As is standard in the
New Keynesian literature, we define potential output Y," as the output level including
hiring costs at which final goods firms charge their desired mark-up, implying that
marginal cost is at its steady state. The associated unemployment rate is denoted as
uy. As marginal cost is affected by both lead unemployment and lead marginal cost,
when deriving uj', we will further assume that if unemployment is at its natural level
in period t, it will be expected to be at its natural level in period t+1 as well.?! Thus
we are dealing with the following system:

21 The following results are broadly robust against relaxing this assumption.
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The equation for u} was derived by setting mc, = me,q = 0 and Uy = Uy, in
the marginal cost equation, while the equation describing the deviation of output
including hiring costs from its steady state is derived in the appendix. Clearly u}
depends on past values of actual unemployment as well as its own future value.

We perform a grid search over ¢,, ¢, and d,, with ¢, = [0, 3], ¢, = [0, 3] (step
size 0.1) and §; = [0, 0.07]. We find that responding to the output gap extends the
determinacy region if 6, < 0.025 but reduces it if 6, > 0.025. For example, figure
4 plots the lowest value of ¢, compatible with determinacy against ¢, for d, = 0.
Clearly the lower bound of ¢, declines as ¢, increases. By contrast, figure 5 plots
the highest value of ¢, compatible with determinacy for the case of §, = 0.025. The
upper bound of ¢, is declining, thus reducing the determinacy region.
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Continental Europe, deltas=0.025, upper bound of the
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Intuition for this result can be gained from the effect of actual unemployment on
natural unemployment. It is easy to see that §; — ;' = —yo (u; — u}). Hence the
output gap depends positively on u}. Solving u}" forward (ignoring the exogenous

00 e\ @
productivity process) yields ! = > <';§ ) [kjU—1 + a*af — w*w}] . Let us again
i=0
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assume for simplicity that u;,; = u. We then have

e ow (A-B)0-w) o, (1-677)(1-w)
AL T O -6~ Y i w(a-np )
u

* *
Ko — Rp

u"

If % < 1, then an increase in unemployment increases natural unemployment less
than one for one. It thus lowers the output gap and tends to lower real interest rate.
This should stabilise unemployment. By contrast, if % > 1, an increase in unemploy-
ment will increase u" more than one for one and thus tend to increase the real interest

rate. In this case responding to the output gap is actually destabilising. Moreover,

o RSN ¢ ) o (1=877)0-)
note that G= > 1< Ky — Ky — KL —a =gy T =0 (-5 <0,

implying that x < 0. As was shown above, this will be true if §° > 0.025. Hence
responding to the output gap will tend to destabilise the economy precisely when
responding more than one for one to inflation tends to destabilise the economy as
well.

If natural output tracks actual output too closely for the output gap to be a
stabilising argument in the policy rule, then perhaps the deviation of unemployment
from its steady state (rather than its natural) value will help to achieve determinacy.
Thus we consider the policy rule iy = ¢.m¢ + ¢, u; and conduct a grid search over
ds, ¢, and ¢, with ¢, = [0, 3], ¢, = [0, — 3] (step size 0.1) and é5 = [0, 0.07]. It
turns out that responding to unemployment has a strong stabilising effect. Setting
¢, = —0.1 guarantees determinacy for ¢, > 0.2 if 45 < 0.02 and for the full interval
of ¢ for 0 < ds < 0.035. For higher values of §° the upper bound of ¢_ again
begins to decline. For ¢, = —0.2, determinacy is guaranteed for the full interval of
¢, as long as §, < 0.055. Finally, for ¢, < —0.3, the equilibrium is determinate for
any combination of ¢, and Js. Thus a modest response to unemployment restores
determinacy and in doing so is robust against variations in dj.

Let us assume that our model in its respective calibrations of u, x, and ¢ indeed
captures major differences between the continental European and the US economy.
Furthermore, note that the value of §, for which the value of ¢, begins to be bounded
above under the American Calibration seems implausibly high. With §, = 0.225, a
worker would have lost about 64% after one year of unemployment. By contrast, the
critical value of 9, for the continental European calibration seems a lot more plausible.
It would imply a skill loss of about 9.6% after one year of unemployment. Note also
that estimates of interest feedback rules suggest that the Federal Reserve as well as
the Bundesbank and the ECB respond more than one for one to inflation and pay
some attention to the output gap as well.?? Hence we conclude that indeterminacy is
far more likely to happen in Europe than in the United States.

22See for instance Clarida et al. (1998), Orphanides (2001) and Clausen and Meier (2003) for
reaction function estimates for the Fed and the Bundesbank and Gorter et al. (2008) and Sauer and
Sturm (2003) for estimates for the ECB.
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Moreover, in the 1970s, many central banks moved away from a "Keynesian" mon-
etary policy which focuses on stabilising unemployment to a policy which aggressively
targets inflation but pays little attention to unemployment. Within the model pro-
posed here, with 0% > 0.025, this move would cause no determinacy problem with a
fluid American labour market but would induce indeterminacy if labour market flows
were low as in continental Europe. In the next section we will investigate the dynam-
ics of unemployment and inflation for the European calibration with 6, > 0.025 and

o, > 1.

7 Dynamics under Indeterminacy

The previous section showed that a policy rule which increases the nominal interest
rate more than one for one with inflation might quite likely imply indeterminacy
if the flow - characteristics of the labour market are "continental European" in the
sense that there is little hiring and firing and there is some skill loss among the
unemployed. In this section we investigate the response of the model under the
continental European calibration and with skill loss being at the critical level of
0.025 to a sunspot shock and a non-correlated technology shock.

To solve the indeterminate model, we follow a solution method proposed by Lubik
and Schorfheide (2003). Their method builds on an approach by Sims (2000). Sims
proposed to solve linear rational expectation (RE) models by solving for the vector
of expectational errors 7, = ¢ — E;_1q:, where ¢; is a vector of variables over which
agents form expectations. Thus the linear RE model is cast in the following form

Loye = Iy + We, + 1n, (27)

where ¢, denotes an i.i.d vector of structural shocks and all variables with a t and
t-1 subscript are observable at time t, and all variables with a t-1 subscript are
predetermined. Any system of first order difference equations can be brought into
this form by replacing E;q;+1 with y; = F:q:+1 and the adding an equation reading ¢; =
yi—1 + n,. Thus there will be an expectation error for each forward looking variable.
Note that all variables on the right hand side except for 7, are either predetermined
or exogenous

The system has a stable solution if there exists a vector 7, as a function of the
exogenous shocks ¢; to eliminate the explosive components of y;. The solution is
unique solution if the vector of structural shocks £; uniquely determines the vector of
expectational errors 7,. The solution will not be unique if the number of expectation
errors exceeds the number of explosive components in 1,.2* This opens the door for
sunspot shocks to affect the endogenous variables. Lubik and Schorfheide suggest
to interpret these shocks as belief shocks that trigger reversion of forecasts of the

23See Lubik and Schorfheide (2003), pp. 276-277.
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endogenous variable. Suppose that due to a sunspot the expectation of ¢; between t
and t-1 is revised by v;. Hence

@ = (Bi1qe +v) + 1,

where the term in brackets denotes the revised forecast and 7, is the error associated
with this revised forecast.> Thus (27) can be written as

&t

Loyt = Ty + [ 4 H} |:Ut

} + IIn, (28)

If the solution is unique, v; will not appear in the solution.

We then assume that the effects of the sunspot shock v; and the structural shock
¢ to the forecast error are orthogonal to each other. This is a standard assumption
in the literature on indeterminate linear rational expectations models. It means we
are restricting our attention to a subset of the set of solutions of the indeterminate
model. This solution can be picked up easily by casting M1 to M8 in the form of (28).

!/
We thus have y, = [ af af ape op of @ m @ me, @ 6 ab of i |
er=e and v, = [ e, v vl U wp uf ]/ with z] = Fiq;11, the v] denoting the
belief shock associated with the forecast of the t+1 value of variable g and 771\0; = A\mc;.
The matrices I'g, I'1, ¥ and II are to be found in the appendix.

Note that the way the model is written, we have five belief shocks - one for each
forward looking variable. However, the effects of those shocks on the forecast errors
and thus on the endogenous variables will not generally be independent from each
other. For instance, if there is one stable root too many as is the case under the
calibration we are dealing with, there is one degree of freedom. That means we
can choose the value of one endogenous variable and then the stable solution for
the remaining ones will be pinned down as well. For instance, it will be possible to
reproduce the dynamics produced by v] with a suitable value of v}, v;"¢, vi’ or vy.

We assume that the central bank responds only to inflation and set ¢, = 1.5.
When looking at the impulse response of the technology shock, we set p, = 0.

We first consider the effects of a -2% belief shock to consumption, i.e. v§ = —0.02.
Figure 6 displays the deviation of unemployment from its steady state (in percentage
points) and output net of hiring costs (in percent), i.e. consumption. Unemployment
increases by about 0.9 percentage point, while consumption declines by a bit less
than 0.9% and then declines somewhat further. The increase in unemployment is
very persistent: after 10 years, unemployment is still about 0.72 percentage points
above its steady state while after 25 years (100 quarters) it still exceeds its steady
state by 0.51%.

24See Lubik and Schorfheide (2003), p. 279.
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European Calibration, -2% Consumption Belief Shock
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Figure 7 shows that Ame; falls by 0.06% on impact and then starts increasing
and turns positive in quarter 13. Since we have choosen a value of d4 such that x
is smaller than zero (see Figure 3, the "Continental Europe" line), we would expect
the persistent increase in unemployment to ultimately turn marginal cost positive.
However, as long as the history of high unemployment is short, the skill loss among
job seekers has not yet sufficiently build up to turn marginal cost positive. In terms
of the four effects of an increase in unemployment on marginal cost listed at the end
of section five, effect number 4 has not yet gained enough momentum such that the
joint positive impact of effects 2, 3 and 4 can dominates the negative impact of effect
1. To illustrate how the dynamic of the skill decline matches with sign change and
dynamic of Amc;, consider how the skill level evolves in response to a "permanent"
change in the unemployment rate:

(1 —u)

where a" is the effect of a permanent increase in employment on the skill level of
the average applicant and can be obtained from proposition 2. Note that for ¢ —
oo, as (1 — x)tﬁi — 0, this expression gives the effect of a permanent increases
in unemployment on the skill level. In Figure 8, we plot al (as defined in this
equation) as a percentage of the change of @ after an infinite number of periods, i.e.
(1—(1—2)"B%) x 100. The curve is rather steep at the beginning but then flattens
out. With an unemployment history of 12 quarters, which happens to be the case in
quarter 13, the decline in a” has reached 97.7% of its total and the rate of change has

af =a" (1—2)'p.—1)
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decreased to about 0.5 percentage points. Thus Ame; turns positive after the decline
in the skill level resulting from the increase in unemployment has almost reached its
maximum. Note also that the dynamics of AMin¢; and @ are similar in that the rate
of increase of A\m¢; is at its highest during those first 13 quarters but then gradually
declines.

Inflation declines to -0.08% on impact but turns positive in quarter 4. It then
keeps rising until it reaches a maximum of 0.01% in quarter 17. Inflation is pushed
faster above zero because it responds not just to current but also to expected future
values of marginal costs. Correspondingly, we would expect the ex ante real interest
rate to ultimately increase as well. Figure 9 shows that (iy — Eymy1) declines on
impact but begins to increase in quarter two and begins to exceed its steady state
value in quarter 5 and then remains persistently above it. The persistent increase in
the real interest rate validates the initial decline in consumption and the associated
increase in unemployment.

European Calibration, -2% Consumption Belief Shock:
Inflation (percentage points) and lambda*mchat
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Skill Decline following a Permanent Unemployment Increase
- Percentage of Total Drop
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European Calibration, Consumption Belief Shock: Ex-ante
Real Interest Rate (percentage point deviation)
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We now turn to the effects of a non-correlated technology shock of -2%, i.e. e =
—0.02. Figure 10 shows that unemployment and consumption both decline by about
1%, but in quarter 2 unemployment increases to about 0.65 percentage points above
its steady state value. Unemployment and consumption then display a similar degree
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of persistence as in response to a consumption belief shock. Figure 11 shows that
inflation and A\m¢; both increase on impact. Both turn negative in the next period
due to the increase in unemployment. Amc; turns positive in quarter 15 due to the
fact that unemployment persistently increases, while inflation again turns positive
faster. This then ultimately implies an above steady state real interest rate.

European Calibration, -2% Technology Shock
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Thus both shocks can potentially trigger extremely persistent increases in unem-
ployment under the continental European calibration if skill loss exceeds it’s critical
level and the central bank reacts more than one for one to inflation. This is clearly a
very interesting result given the persistent increase in unemployment in many Western
European countries which we have observed since the end of the 1970s.

8 Conclusion

This paper adds skill loss among the unemployed as an additional labour market
friction to the model of Blanchard and Gali (2008) and shows the implications of this
modification for determinacy. We assume that an unemployed person looses a set
fraction of her skills during every quarter of her unemployment spell but regains all
her skills after one quarter of employment. Firms who decide to hire meet workers
according to their shares in the market. We first show that in the Blanchard and
Gali (2008) model, a coefficient on inflation larger than one in an interest feedback
for the nominal interest rate guarantees determinacy.

We then show that the introduction of skill loss increases the (positive) effect
of past unemployment on marginal costs. An increase in past unemployment rates
increases the share of the longer term unemployed and thus worsens the quality
of the pool of job seekers. If the quarterly skill loss percentage is increased to or
above a critical level, the combined positive effects of lagged and lead unemployment
exceed the negative effect of current unemployment. In such a scenario, if the central
bank responds only to inflation, determinacy requires a coefficient on inflation in the
feedback rule smaller than one. This holds regardless of whether the central bank
responds to current, lagged or expected future inflation.

We also show that the critical skill loss percentage is much lower, and a lot more
plausible, if the flow characteristics of the labour market are "Continental European"
(Blanchard and Gali (2008)) in the sense that there is little hiring and firing going on.
By contrast, under and an "American" calibration of inflow and outflow rates, the
implied critical skill loss percentage is implausibly high. This is largely due to the fact
that even in the original Blanchard and Gali model lagged and lead unemployment
matter a lot more for marginal costs under the continental European than under the
American calibration.

Furthermore, neither interest rate smoothing nor responding to the output gap
(as commonly modelled in the New Keynesian literature) help to restore determinacy
under the continental European calibration if skill loss is above its critical level. As
empirical estimates of interest feedback rules frequently find that both the Federal
Reserve and Bundesbank and ECB respond more than one for one to inflation, this
might mean that indeterminacy and thus sunspot driven dynamics are a much more
likely phenomena in continental Europe than in the United States.

Finally, we compute the response of the model under the European calibration
with skill loss above its critical level and the coefficient on inflation larger than one in

34



the interest feedback rule to an adverse sunspot shock and an adverse non-correlated
technology shock. It turns out that the response of unemployment is extremely persis-
tent. Thus this admittedly quite stylised model potentially contributes to explaining
the persistent increase in unemployment observed in continental Europe since the
late 1970s. It also suggests the following story: The shift of monetary policy away
from a "Keynesian" approach towards aggressive inflation targeting might have been
unproblematic in the fluid labour market of the United States but might have been a
source of instability and persistent unemployment fluctuations in Western continental
Europe with its much less fluid labour market.

9 Appendix I: Determinacy in the Blanchard/ Gali
model
We show in this section that, for reasonable calibrations, the condition stated in

proposition one ensures determinacy in the Blanchard Gali model. Woodford (2003)
derives conditions for determinacy for a linear rational expectations model of the form

< Btz ) = A( o ) + bey (29)
Tiy1 Tt

L0 g G —“ELa 4 Dy
B+kr/co B+rF/co B+kFr/co B+kF/co
where A = —Bor+1l  —B(ci—co+,)+ro Bei—kp , b= —B(1=py)—KF/co+A{3
Kkp+coB Kkpr+cof kp+cof Kkp+cof
0 1 0 0

where z; is a 2x1 vector of endogenous jump variables, x; is single endogenous pre-
determined variable and e; is a vector of disturbances. This is exactly the kind of
system we are dealing with. The rational expectations equilibrium will be determi-
nate if and only if the matrix A has exactly one eigenvalue inside the unit circle, i.e.
with modulus smaller than 1 and the two other eigenvalues outside the unit circle. If
the characteristic equation is written in the form

M3+A2ﬂ2+A1M+AO =0

Woodford shows that it will have two roots outside and one root inside the unit circle
if and only if
either (Case I)
1+A,+A,+A; < 0and
—1+A—-A1+A4 > 0
or (Case II)
1+A+A1+4 > 0
—14+A,—A14+A4 < 0
A —AgAa+A -1 > 0
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or (Case III) the first two conditions of Case II and

Ag—A0A2+A1—1 < 0
|A2| > 3

As would be expected, some of the resulting expressions will be quite complicated
functions of the deep parameters. We therefore do not aspire to give a completely
general proof. Rather, we will make the assumption throughout that g is a very small
number. g = Bx®, and B will be calibrated to such that the fraction of total hiring
costs in GDP 0Bx* does not exceed a small fraction of GDP (Blanchard and Gali
set them equal to 1% of GDP for the "American" and even less for the continental
European calibration). In Blanchard and Gali, it comes out as 0.03. This also implies
that £; < &,, and both ¢; and &; will be small. Furthermore, we will assume that kr —
k1 > 0, which will be the case if kp — Kk, = Mg)\(}:z) [2[1—2—B]+ B[ +&]] >0
. This condition holds for values of x and associated values of 4 which are not too
small. For the calibration considered in this paper, kp — kK, > 0 for z > 0.015
and 0 = 0.0017, both of which is far below empirically reasonable values for these
parameters.

Our first task is to derive the characteristic equation. To make the algebra easier,
we first write our matrix A in a more general form:

H-LZZ)7T Kot+KE 761-"428‘_% f-aL-i-c% a a a
B+rr/co B+rEr/co T Btrr/co 1 12 %13
A= —Bop+l  —Bleai—cotd,)tro  Bei—kL = | a1 a2 a3
KF+cof KF+cof kp+cof 0 1 0
0 1 0

The characteristic equation is then given by
1+ (—an — a) @ + (—ags + arase — a1gaer) L + ariass — agiaz =0
Hence we can determine Ay, A; and A as

—co (14 ) — kpd, — Ko+ B (c1 + B,)

Ay = —ap —axp =
2 11— (22 rr ot coB
4 = —(14+8) 1+ kL +co — ¢, + Prko
! Kp + cof3
Ao _ C1 — ¢7TK:L
Kp + o

We first look at the second condition of Case I. We have
—14+A,— A +A4,>0
implying
2 (& —&)(1+5)

1—u Ko+ KL +KFp

_1>¢7r
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o 2 (g(1-8)(1+a(l-2)+g(l+a)—1)(1+0)
1—u Ko+ KL + KF
This condition will never be fulfilled by positive values of ¢, under the assumptions
made.
Thus we conclude that Case 1 is not relevant and turn to Case 2. The first
condition implies
(1-5)

¢7r - ¢u
Ko — R, — RFp
The second condition is implied by the fact that the second condition of Case 1 is
violated, while the third condition implies

—1>0, (31)

> 1 (32)

gbﬂ [—§Z57TI€L [I{F — RL] — C1KL + ¢ [ﬂ/io — RL] + Ko [Iip — KL] + IiL¢u6] (33)
e [1=B+co(1=5%) —kp] + [k +co (1= B) — kp — @) [kr + o8] >0

Not that if kp < kp, this expression will be monotonously increasing in ¢_. Hence
in that case, if (33)) holds for ¢, = 1, it will hold for ¢, > 1 as well. Hence we set
¢, = 1 and ¢, = 1(since permissible, i.e. negative values of ¢, make (33)) more likely
to be met), which allows us to write the condition as

Ko (KJF — HL) + Co [ﬁ/ﬁ:o — R[, — ﬁ/ﬂp] + Ry, (KJL — Cl) + C1 (1 — 6)
+cocy (1 — 62) +c3 (1= B) B+ cokir (1 — B) + cofkr, — ko — cikip > 0

This will usually be fulfilled. Given that ¢( slightly larger than 1 and that x; and
kp are in the same order of magnitude but smaller than 1, and c¢; is quite small,
coBKkL > K%+ cikp -

If we assume kp—rp, > 0, there is still an issue of (33) being violated for sufficiently
large values of ¢, since ¢> has a negative coefficient. We will now show that under
the assumptions already made, if A2 — AgAs + A; — 1 > 0 becomes violated, we will
already be in a situation where |Ay| > 3 and thus Case III kicks in. Let us first
consider the terms in (33) not involving ¢,. Those can be written as

c1 [1 — B+ ¢ (1 — 52)}—}—/@ (kg — c1]+rpco (1 — B)+cofrp—katci (1 — B)—coBrr > 0.

The term —r2% is dominated by cyBk 1, under the assumptions already made and all the
other terms but —cySkp are positive. It is not clear that —cyfkp is being dominated
by any of the other terms. Therefore, in the next step, we disregard all the other
terms not involving ¢, except for —cofSrp. If the modified condition is fulfilled, so
will be (33) .Hence we look for which ¢, we have (still for ¢, = 0)

—¢72T/<&L [kp — Kp] + ¢, [—Cc1kL + ¢o [Bro — kL] + Ko [kF — KL]] — coBrr > 0

or
o [—cikr 4 co[Bro — kL] + Ko [kr — kL] cofSk R

b — Op + —/———
RL [F&F - :‘fL]

<0
RL [FJF - /iL]
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The polynomial on the left hand side has two solutions ¢,; and ¢, and the inequality
will be fulfilled if ¢, lies between. Hence we have

—C1kL, + ¢y [Bro — kL] + Ko [kFp — K]

¢7r1,2 - 2/€L [KZF . K:L]
i (—c1kL + ¢o [Bro — K] + Ko [kF — KL])2 B cofBkF
4k [kp — ki) KL [Kp — K

Since we now assume kg > K, the expression under the root will always be posi-
tive, as will the expression outside of the root. This also implies that we can focus

(—crkp+eolBro—rplt+kolkp—kL])®  coBrr
2 2 — >
4r7 [kp—rr) kr[kFp—KL]

on the larger of the two solution since \/

—arpteo[Bro—KL]tko[kF—kL
26 [kp—KL]
the relevant lower bound is (32) The larger of the two roots will be at least as big

as the term outside the brackets. Hence condition (33) will still be met under the
assumptions made if

| and thus the smaller solution will be will be negative. Hence

—c1kL + ¢o [BRo — KL| + Ko [kF — K]
2/{L [/{F — I{L]

¢ < (34)

We now turn to condition |As| > 3 from Case III to see what it implies for ¢,. For
the "large" values of ¢, which are of interest here, A5 will most likely be negative, so
we consider the inequality —As > 3, which can be written as
—co + 2co3 — ko + ¢
0 08 — ko + 18 13
RF

b > (35)

We would like to check whether at the point (34) becomes violated (35) is already
met. Hence we are asking whether

—c1KL + o [Bro — kL] + Ko [kF — KL L “G +2¢o3 — Ko + 18 43
2k [kr — KL Kp

holds. This can be written as

—c1kLkF + Co [Bro — kL] kp + Ko [kp — KL kp
—2¢oky [kp — kL] + 4cofEL [kF — KL

—2kokr [kF — kL] + 182k [kF — K] + 6Kkpkp (ke — kL] > 0

or

—C1RkpkF + ¢ [Bro — KL| KF + 2cokLkp — 26()/{% —4Bcok kR
+4Bcoks + [kp — kL) (Kokp + 2K1Ko — 6KLKE)

—6162/{L [/{F — KJL] >0
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or

—C1RLKRF + CoRF [/BIQQ — R — /BHL] + Ry, (ZBCOKZL — BCOHF)
+2cokpkp — 2coK3, — 2c0BKkp + 2BcokT

+ [kp — kL] (Kokr + 2Kpko — 6kLkR) — 1026 [kp — K] > 0
or

—C1RLKF + ¢ [Bro — KL| KF + 2¢okKF — 200/% —4BcokLkF + 4500,%%

+ [K,F — IQL] (Ii()l*{,p + 2:‘{[1/{0 — 6/£LI{F> — 0162I{L [KF — I{L] > 0
Note also that

2cokpky — 2coK3 — 2c0BK kR + 2BcoRs — cikpkp — 132k [Kp — K1)
= 2kpc0 (1 = B) [kp — kL] — a1k kr — 102K [kKF — KL

= =21 [kr — kL] [a1f —co (1 = B)] — c1kpkp
Thus we can write

cokp [Bro — kr — Bkr] + Beokr (261 — KF)

+ [liF — I{L] (lioliF —|— 2I£Lli0 — 6/€L/{F) — QIiL [IiF — I{L] [Clﬁ — C (1 — ﬁ)] — C1RLRF > 0

Since (using kg > Kp + K1) Kokp + 2Kpko — 6Rpkp > (Kp — /{L)Z —kp (kp — kL) =
(kp — k1) (kFp — 2K )wWe can write

RFCo (ﬁ/ﬂo — R[, — ﬁ/ﬂL) + BCO/‘;L (2/€L — /ﬁ?F) +

[kp — RL]2 (kp —2k1) — 2k [kp — kL] [af —co (1 = B)] — c1kpkr > 0

The first term is clearly positive. The second term will be positive as long as
krp < 2kp. If kp — Kk increases, in that case the first term would increase and
at a larger rate as both (8kg — kr — k) and kp would increase. In this case we
would also see the third term switch from negative to positive, which would oth-
erwise also be negative. The final two terms are negative. We believe it is safe
to assume that this condition holds. For values of k; and kp which are close,
Kkpco (Bro — kp — Brr) + Peokr (26 — kr) will be in a higher order of magnitude
than [kp — /@L]z (krp — 2KL) — 2k [kF — kL) [a1f — co (1 — B)] — c1k k. For values of
kr substantially higher than xr, the order of magnitude of Kpco (Bro — Kk — k) will
increase and [kp — k1]” (kg — 2k7) would turn positive. Thus the second condition
of case III will be satisfied for values of ¢, violating (33).

Thus we have shown, under the assumptions made, that ¢, — gbu% > 1
guarantees the existence of a unique rational expectations equilibrium in the Blan-
chard/ Gali model.
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10 Appendix II: Relevant steady state values in
the model with skill Loss

As was mentioned in the text, we start by assuming values for v and x. This allows
to write the steady state values of 6, s*, A and A4 as

uxr
0 = 1—u)(1-2)
s = z(1—2x)
. ini x
A= 2 a g,

and
A =sNAM + (1—8)) =6A +1-6

This allows to back out © by first noting that in the steady state, we can write (12)

as
1 1 — AL

A | -9 -sa-o)]+s0-0)|

]:@' [5(1—5)+g(1—6(1—5))

From (8), we have

W — @I i qi(1—7) — @I T 36
;S/BS 1_(1_x)/8i—'y ( )
and, for WF
Wl — i pi(l—y) _ x
2 S

which we use to solve for @' as

@,_1/M—g(1—(1—5>ﬁ)+%(1—AL)
=08t = (- (1=0)B)

11 Appendix III: Deriving the Laws of Motion for
al and ot

A log linear approximation to the skill level AL is given by
> ds;f,
1=0

@ =" (37)
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The shares of the various groups of the unemployed are given by

o ONpa ,1:11 (1 —2¢)
5y = —

Ui

This can be log—linearised as
dSi—Si ﬁ__'—lA/—F : xi’\_-
t t—1—1 t jE - 1 T t—3g

Log linear approximations to z; and U, are given by z;,_; = Remj 7(175)((51%)%’1’]' and

U, = —(1_55)xﬁt yields
. R 1-6 xR — (1= 0) (1 — 2) Ay
ds; = s nt—l—i+TZEnt_1 — 21—, =i~ )5( ) 71 J]
L 7j=1
[ 1-6 v [ A (1=8)(1—2) =T
- nt‘l‘ﬁTmt‘lH—x[, 5 s
- J=1 j=1
| 1-5 . B
= 8" |y + Tx/ﬁt—l 1 T
— T — —x Tg— — —x) ~
_a 6)5(1 ).Z tég ¢! 5)5(1 )nt—j_1
. ]:2
| P U SO B g
- T (l _ (1*5)(1*90)) . Mgy
Tz \3 3 2,75
L 7j=2
[ A 1+ 1(1(;5) — = (% B (175)6(1790)) Ao
= S’L - - i
z 1 (1-9)(1—=x) Ny
T (3 i ) > 5

o ] () B

and (1 —9) = % to eliminate ¢ in the 1 + %

We now use § = (=]

and —£— + 7. This yields

0(1—x)
(1—-9) (l—u—2) (1—2)(1—u) l-u—z 1—x
T ) +x(1—x)(1—u) ux * u u
x? N x? N x(l )+ x
——tz = r=—1—-u)+z=—
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Hence we can write

dsi = s' [——Znt j

Substituting this into (37) yields

t—j Ng—1—4
1
~L
a, = i
1 [1-2 T ;i
= oz Zﬁ ST = =D Y Bt
| =0 j=1
1 '1—93 > a
- [ - S e
=0 q=1 7j=1
1 [1-2 . T _
= F 25 STNy—1—; — E;BZS‘I (nt—1
B 1 1—95
AL u =
B 1
— AL
A -4 (25q5q> ng_1+ (Eﬁq3q> N
1_ ) —xsnt1+53nt2
S w | x| (S o (ZBZS") i
L L \¢=1 2
e s (St ) [+ |
Y
= — -
A + |:SQTQE -z (Zﬂgﬂ)} Ne_3 + {53
L q=3
IR i1l -r @ Ooqq
o) [@S o (Zﬁ
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1—x

{ S ﬁ]

(38)

nt 1i]

+nNg_o +Ny_3... + nt_q)

|

2+ (iﬁgsq) Ny_3 + (iﬁgsq) Ty
+ 325203 + B25%Ty_y...... }

2+ (Zﬂgsq) ng—g + (24535[1) Ny




xiﬂg (1—az)'=p(1-2) xiﬁg (1—x)" =B (1 —x)" AL and thus arrive at

q=0
(o, ¢]
_ ~
- Ng—g
u

A= (- (57 - B e

i=1

1‘“>—ﬁul—@

This can be rewritten as

S 1 (gl _ g
= D alfi af =—(1—2)' (87" = 5))
1=1

Thus in the presence of skill loss (5, < 1), the deviation of the average skill level from
its steady state depends positively on a weighted sum of past employment rates. The
a? coefficient depend on [, and thus §° :

Ja? . ) )
=2 (L) (- 1) A - i)

u

For B, =1 (§° = 0), this is clearly positive. Thus the larger the quarterly skill decay
among the unemployed, the larger is the effect of past employment on the skill level.
For 3, < 1, we have
Jal
V6°
Hence the effect of §° on o will become negative if 7 is sufficiently large. Furthermore,
Yl <0if B, < 1.
To express the component of the real wage depending on the skill of the worker
as a function of past employment rates, we follow an analogous process. A log linear
approximation to W} is given by

> . <
ZO<:>Z;

> dsiB
~ 1=0

Note that the only difference to (37) is that 3, and A% are replaced by 521_7) and
WL respectively. Substituting (38) and going through exactly the same process as
before thus gives us

1 | | |
wt - Zw Ny—q, ? = a (1 — q;)l <521*’Y)(1*1) - ﬁglfy)z)
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and, as with the a} coefficients,

owy 1 ; ,

i = RPRY . . (1—y)(i—1)— v)i—1
= -0 1=y (-1 8 — i)
owy s
75 > 0 ©0°=0
owi! > < 1
95° < 0eiz 1= 3.
dwi 0iff 3, < 1.

Ox

Furthermore, we have 8; %%5 if 0 =0 and v > 0.
We now turn to express a- and @} as a function of their t-1 values and past
employment. For a’ we have

A= S a) (1)t %Z (1= ) (B = B1) A
_ %(1_@(1 )1+ — Z z+1 5z_ﬁz+1)nt_i
= L) 0B+ TS () (B ) Py
=1
and thus

af:(l—a:)(%(l—ﬁ)ntl—i—ﬁat 1) (40)

Correspondingly for @l we have

it = (=) (5 (1= 55) e + 617k ) (41)

12 Appendix IV: On the relative size of the a

Oal’ ow?! .
and w}', 5+ and & if 6, > 0

In the following we assume 0, > 0 < [, < 1.
We have a]' > w] if

(B = B) > (U0 — gon)

or

ln(l - 55) —In (52 B Bs)
_P)/lnﬂs
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Note that for this expression is always positive (as it should be).Thus a? will turn
smaller than w] for large enough i.

.. da" ow’ .
The relative size % and % also depends on i. We have

n n
dal - Ow;

g5 2 a5 & L= NATTH( =D B =) Z A7 (G- 1) B )
Two cases have to be considered: (i —1) ;" —i (i —1)8;" — S S0ei ; !

-3,
If (1 —1)B; =4 (i — 1) B — 4 < 0, this implies aj;Z = %1;)5 if

ln(l—y) >
7< I g, ‘4>22

we ask whether %y (W — 1) > 718

Now given that we look at the case 1 < = 5 ,

implied by that assumption. Thus we ask whether

1 /In(l—7) 1
5( g, ‘*)>1—m

This is not necessarily fulfilled but will be met for the range of 5, used in this paper

if v > 0.38. Thus if this hold, for i < = ﬁ , we have ?%Z > %.
da} > Oow} .
If (i —1) ;" —i (1—1)63 —i >0, we have 2t = 55+ if
In (1 —7) 1) S5
v\ In§, =
As for the calibration considered here, with ¢ = 1jﬁ we have % (W — 1) > 1,
this means that as ¢ becomes equal to #, we have % < %g However, it is also
clear that as 7 increase, we will have 7 > 1 (1n1(177) 1> and hence 24 > 2L Thus,
0% nfg 86 86

for the minimum value of 3, considered here v > 0.38, we have three dlfferent cases
depending on the value of i. For sufficiently low values of i, we have g‘;’; > 83%.
There is then an intermediate range where #ﬁ <i<?i (% — 1) where we have
% < 655 . Flnally, fori > = < l(nﬁ ) _ 1) we have again g; > 8;'75.

Since the relative size of a? and w as well as the effect of an increase in 6* on them
depends on i, it is interesting to look how the combined effect of past employment on
the skill level instead to look at the "net" impact of an increase in past employment
on the real wage and the skill level and how this impact is affected by §°. The sum
of the a} and w} is given by

. ., l-x 1-p5,
a = a; =
; u 1—(1—x)p,
N > ., 1—x 1—@_7
; ! u 1—(1—2)p
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1— s 1_ﬁ;_’y
1-(1-2)B, > 1-(1—z)8L 7"

Thus a™ > w™ if or

v>0

Hence the combined effect of an increase in past employment on the average skill level
is always higher than the impact on the real wage if there is some real wage rigidity.
Turning towards ‘g% and %%, we have

This then gives

oa™ 11—z T

07 T w (1-(-0p)
ow" 11—z xp,”
- 1—
96° U ( 7) (1 B (1 B x) ﬁ;_7)2 >

Thus the combined effect of past employment on the skill level of the average job

seeker and the average real wage increases in ¢° Furthermore, for some real wage

rigidity (v > 0) and values of 3, not too much smaller than one, 1’;‘;: > ’f;g:.
Concerning the effect of a change in x, we have

8& — _l 1_53 2<0
O u(l—(1-x)p,)

n _ nl—y
ow _ 1 1- 5, <0
ox U(l—(l—x)ﬁi 7)

da™ ow™ -
We have S < G- if
2237 + B+ 1+ 527 > 20+ BT 4 B, 4+ 8,7

Comparing each of the terms on the left and right hand side, we see that for v > 0,
all terms on the left hand side are greater than corresponding term on the right hand
side except for 3277, which is smaller than 3,7.The difference between the two will
grow as 3, declines and thus at some point the inequality would be violated. However,
it can be checked numerically that for the calibrations employed in this paper the
condition is easily fulfilled.

13 Appendix V: Derivation of the marginal Cost
Equation and the Output Equation in the model
with Skill Loss

This appendix derives the Phillips Curve and the remaining linearised model equa-
tions. Linearising (12) yields
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= ~ M
me, = —(1— Mg)al — (1 — Mg)ay + W + Maga, (42)

AL
X (¢ —Cry1) + ( )mct+1 + [(1 AL) = 7)®M + Mg} Qg
Mg)a

atH + 4z MV 41 + Mag:z:tﬂ

—(1-9)BE,

with X = gM + w and g = Bz®. From (8) and (9), we see that the

average wage can be written up to first order as

= (1 —y)a +af (43)
where

@t =(1=a) (5 (1= 87) e + 610 (44)

Using (43) on (42) gives

oW [ (1 6) BB, ] (45)

— cI)'] By, + Magz,

me, = —(1—Mg) (a; — 8 (1 —0) Eay,,) +

! - - @I
—'a" — 3 (1-0) {1 “A])

1— AL
AL

—p(1-96)E, [X (¢t —Ci1) + ( >77/1\Ct+1 + MagZ
M
P = 1—gM—(1—’y)ﬁW

Linearising (15) yields

~ AA /\A Ag5 ~I, ~P N N
T A4 _ AL 3% T TAA  ALs - 46
“= A — ALgs Gy AA _ ALgs (@ +a) + &l + &7 (46)
, _ all—z) AL _ AL
with &, = Lﬁ;ﬁ and & = a-9(a+ :Aizifgéﬁ(l A*)) Linearising (13) yields

~A AL5AL ~P (1 — AL) (1-9)

@ =~y +a; - A (N — Ny—1) (47)
Substituting this into (46) yields
& = a +ctay +§0nt+§1nt 1 (48)
L A1)
AA — ALgo
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Substituting (48) into (45) yields

_ M N ~ ~ ~
me; = alar +a§Etat+1+ALW[th 5(1—5)Etwf+1] —poaf—plEtairl—i—Maga:t
’ ~ ’ ~ N ]__AL Py ~
+5 (1 —0) X(50—51> ny + XEgEmy — B (1 —08) &N — T mee 1 — Magr
AL§ (1 —g)
L _ _ _ [ S
ay = 1—gM+5(1-9) AA—AgéX
A5 (1 - g)
L __ _ _ I
ay = p(1 5)[1 gM + AA—AgéX}
po = ¥ +B(1-06)X
TM (O —W)

b1 = ﬁ(l—(;) AL

Using 7; = ﬁﬁ(l*‘s)gl*x)ﬁt‘l then yields

me;, = —afatL + aj E’toztJrl + wfth wQLEt{&tLH — poaf — plE{dﬁl
+h0nt + thtfl + hFEtTLt+1 — hCEt'I?/"L\CtJrl
(1-4")
hc = 5 (1 - 5) T

e = -501-9) (%L - 6x)
o= () e sa-0ra-a)+aa-0) (g -6)x
o= (M) a-9a-0-sa-nax
We now substitute (40) and (41), which, after rearranging, yields
mee = —(af —ay (1—2)B,) @ + (wi —wy (1—2)B,77) @y

_ h6+(1_x) (ag(l_uﬂS)—ng(l_fs ))

N / ~ —~ ~P ~P
+hpng_1 + hpEing .y — heEymeg oy — poa; — prEia;

~

Uz
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Using niy = T then yields

e, = —a*af +wrhF — K3y K1+ KBl — MNeEimeg, — A (po + pop1) Gl

at = A(af—aé(l—x)ﬁs)
w' = )\(wf—wg(l—x)ﬂl 7)

* / (1_63) 1_617
Ky = A h0+(1—x)<a§T—w2(u—)
. —ARL . —Ahg
Fr = 1—u’RF_1—u

The equation for output including hiring costs is derived as follows. We have
= AZAN;. Linearising gives U, = ai* + n; which, using (47) can be written as

v, =al + AA [ARsay + AMny + (1 — AY) (1= 0) My |

Using n; = % gives the equation used in the text.

14 Appendix VI Proof of Propositions on signs of
Ok Oaln

o, and 555
Marginal cost is given by
Ay = —he BINNC 1 + K Byl e1 — gty + KU1 — a*ay +w* o — Apoa; — ApiEyag,,

If all variables stay constant over time and ignoring technology, we have

. Ko — Kp — Kpp — @’ u(l(u)(ﬁl )((1 x))g ) Tw (1&)(61;_:1)_(1);;)‘”)
Ame = — 1+ h. u
ho + by + Ry + =2
o (1 3,) = wf (1= 1) — (ab — ok (1 - ) ) (A2
+ (wh —wl (1—2)By77) % N
- (1+he) (1 —u) A

ho + hy, + hp + 22

_ al(1-(1-2)B,)—aF +ak (1-)8, _ aleyy e (1-(-@)BsT )+w1 —wh(1-2)85 7"
(1=5,) (1-(1-2)5,) +(1 B, ) (1-(1—2)Bs77)

1+ he) (1 — u)

Ca o, (e [—0-8)(af—ad) | (128 (wf—w)
ho +hy +he+ =5 amaom) T (o)

(14 he) (1 —u)
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We can express hy + by + h

’ ’ ’ M
ho+ iy + = == 1+ 8(1= 6 (L—2) = (1= 6) (1 — ) = B(1 - 5]
Using 0 = g5y and (1 —9) = %, this can be rewritten as
, , , agM (1 —z) (1 —u) (1—u—az) l—u—x l—u—x
hy+ Wy + By = 1+ - -
0L TE ux ﬁ(l—x)(l—u)Q (1 —w) 6(1—x)(1—u)
B ong— B B (1—u—x)2_ B o o
= (l—z)(1—u)+p A= l-—z)(l-—u—2)—p(l—u—ux)
_oagM [ o - u—2) - (1-u)
= _a:(l )+ [ (l—u—ux) T
_oagM o o o T
= _x(l x)—B(1l—u x)l—u}
alM Bz®
— 27 l—u—2)(1-
u(l—u)[( u—2x)(1—=p8)+uz] >0
due to the restrictions on the parameters. Furthermore, we have af—al = (1 — Bx®M) [1 — 3 (1 — §)]
and wf — w = LW [1 — 3 (1 —6)]. Hence we can now write:
MBS (14— ) (1= ) + ua]
~(1-)(1-BaoM) | (1= )Mt
_ +a-ah-sa-) [ OEDRE]
Ame = AU
u(l+he) (1 —u)
= —KU
B (1 _ 4y — ) (1= §) + ur] +
—(-p)(=Bz*d) (18 T)WM
(1=2)[1=B(1-0)] { a-a-ng) T AL(1—<1_w>ﬁ§—”)] \
K =

u(1+he)(1—u)
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We will now show that 2 53 > 0 and thus 1’99(;’1 < 0 if g, is not too far away from 1. A

more general proof seems impossible. We have

0B, (1+he)?

(1= B/ M)[(1—(1=2)8,)~(1—B,)(1—2)
()5, +M

o W (1 ) 2]
A1—z) |[1=B(1—=0) AL (1= (1—2)B7)

w(l—u) | (+h) S (1= (120 L) ]

—AY(1-2)(1-7)B.
(AL (1-(1-2)5377))"

-(1=sT)W

S

It is easily shown that ‘9"0 =—0(1- ) N7 1L)2 < 0. For k > 0, this implies that
Ohe (14
% > 0. Furthermore, since the range of values of 3, are those for which & is

positive, or "just" negative, we can safely write 1;’46'2 > 0 if

[~ -+ (-5 } (1—2)817)
I Ul L (ML (1- (1 -2)817) ~(-2)0-1) 5,7]
(1—-(1—2x)8,) (AL (1— (1 —x) L))

Further simplifying this yields

>0

(- Bredyx MW =BT+ (1= =) B7) (1= 87 (S - )|
(1-(1—x)8,) AL (1—(1—2) 5?7)2
Using W = @'Wt,

We now set 3, = 1. This givess W = 0’ = & —g [l — (1 —d)] and, (1 - 3,7) =0
and (1 — (1 —2)B.) = z, means that our inequality becomes

(1—-Ba*M)— [ —Ba*[1-(1-0)]]M(1-7)

>0

B'z*Mp (1 —6)
1—BzM(1—-p5(1-9))
This is easily fulfilled under the calibrations considered in this paper.
For the case of 3, = 1, we now show that < 0 if « is close to one (as we

v >

86 o
assume in the paper) and the other parameters have a calibration of "reasonable"

o1



magnitude. This means that the effect of the skill level on x is weakened if the

labour market becomes more fluid. For g, = 1 and a = 1 we have (noting that
Oh. _  B(l—u—x)

B, (1—u)x
On _ pU-u-z) A (0-r—w( -0+
2 (1-u)z u (1l —u)’ [(1_393—751\4) —(1-7) [% — MB {(1‘5)8:7;;2?_(3;6—1)”]

= A, + Ay where
a = Kﬁ(l—u—x)_ AMB'
b (1—u)x _(l—u)su
A (1 —z—u)(1-p)+uz]

A2 = — 1-B'zM A=) (A-w)+z(utp-1)
u(l—u)2 [ [—( = )_(1_7)[ MB/[ (I—2)(1—u) H]

[(1=5) (1 —2u— 2z + u® + 2uz + 2°) + ur — uz® — u’z]

Differentiating this with respect to = gives

Pk 0A N 0A,
0B,0r Oz Ox

0A;  AMB'A
Ox (1- u)3 U

[2(1-08)1—-u—2a)+u(l—2x—u)

oa x| Crem [ oa-a - [SagEs]
Ox - u(l— U)2 —B'Mz—(1-B'Mz) A ;I _]\Z;’(l (_u—i-ﬁﬁ)——li;(?ivz])+(1—/3)(1—u)+3:(u+6—1)
i [ 27 —(1=7) [?_(1 u)[ (1-x)” m
o [erumn [ oy [ [0 ]|
u(l—u)2 I +[(1—x—u)(1—6)+um] [_—21—(1—7) [;—%—%}
Note that
(1— B'zM) 1 A= 1—-u)+z(u+5-1)
R R B e e |
(v — B'zM) A= 0 —u)+x(ut+p—1)
S R L e e
_ (=BaM)(1—a)(1—u)+a(1-y)MB[(1-F)(1-u) +z(utf—1)
x(l—2x)(1—u)
and that
-1 -1 MB'uf
2 0= [F_ (1—u)(1—x)2]
v, (1—9)MBuf

—7(1—w) (1 —2)’ +2° (1 — ) MBupj
22(1—u)(1—x)
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Thus

tu-1 (v —BaM)(1—2)(1—u)
04, A %{+x(1_W)MB'[(1_5)<1_U)+x<u+ﬁ—1)]]

Or = | [l (o (1) (1 - 2)* 422 (1 = 7) MBu)|

z2(1—u)(1—2)?

We can then write

O’k 0A | 04
98,00 _ oz | oz
_ MB/ﬁ[_Q(l_ﬁ)(l—u—x)—l—u(1—2$—u)]
+ G
_ A i (y = B'zM) (1 —x) (1 —u)
u(l —u) {—|—gj(1—’y)MB,[(1—ﬁ)(1—U)—i-l’(U—i-B_l)]
|+ [(1—96;212)1(_1;)@)%1 (_7 (1—u)(1-— ZE)2 + 22 (1 —7) MB’uﬁ)] ]

As can be easily checked, setting 5 = 1 makes Bﬁ 5- more positive. Thus if 575~ 8ﬁ 5 <0

for 5 =1, thenaﬁa 858 <0if
MBu(l—Zx—u)—i—u[(v_B%M)(l_Z)((ll_—;l))ﬂLﬁ(l—v)MB’u]
A G ) [ Gt A=) MBY)

z(1—2z)°

MB' (1-2z—uw)z(l—2)°+ [(v— B'aM) (1 — ) (1 —u) + 2> (1 V)MB’](l—a:)
y(1—u) (1 —2)*+2° (1 —7) MB'u
MB’(l—2x—u)a:(1—a:)2+(’y—B’:cM)(1—x)2(1—) 2(1—7)MB'u(1—x)
—v(1—u) (1 —x)’ +2*(1—~) MB'u
MB/(l—2IL‘—U)J}(1—ZL‘)z—MBZE(l—.I‘)Q(l—U)
+2° (1 —y) MB'u(1 —x) + 2> (1 —v) MB'u
(1-2z—uw)(1-2) -1-20-uw)+z(1-—u(l—2)+z(1—-7)u
21—z’ +z1-yu(l-—z)+z(1-7)u
21 -2)’+1-yul—2)+(1-7)u
22" =2z+1)+(1—7)u(l—2)+u(l—"7)
207 +dr -2+ (1—YNu—a(1—-y)u+u(l—7)
20 +x(4—(1—y)u)+2u(l—7)—2

o (4 —(1—7)u)

T — 5 —u(l—7)+1

The polynomial on the left hands side has two solutions and the inequality will hold
for values of = to the left of the smaller solution or to the right of the larger one. We
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have

A uE U e s
1,2 — 4

Since the root will be larger than (1 —v)u, we have x; > 1, which is outside the
permissible range for z. For x5, we have

4—(1—7)u—\/(1—7)2u2+8u(1—fy)
4

To =

Clearly z5 increases in . Thus the larger ~, the larger is the maximum value of x
. . 2 .
consistent with =22~ < 0. Setting v = 0, we have

88,0z
4 —u—Vu?+8u

To = 1
Thus for © < @ = %m, which is easily fulfilled for the range of parameters
we consider in this paper, we have 62?—’596 < 0 and thus _3§jgx > 0.

15 Appendix VII

We first use the interest feedback rule to substitute iy out of the Euler equation (not
the policy rule employed here is i; = ¢, 7 + ¢, u;). We can then write the system in

the form

&t

Loy =T+ [0 1T ] [ } + 11,

Ut

with g, = | - , Do = [T'g T

o4



o

=X (po + pap1)
0
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00000 0 O 0 000 0 0
00000 0 0 K}y 000 0 0
00000 00 DG 000 (1-2)8 0
1—v
00000 0 0‘(1‘221(:5‘)000 0 (1—g)p
00000 0 O —c 000 0 0
00000 0 O 0 000 0 0
r,=| 00000 p 0 0 000 0 0
00000 0 O 0 000 0 0
00000 0 0 —K}, 000 0 0
10000 0 0 0 000 0 0
010000 0 0 000 0 0
001000 0 0 000 0 0
00010 00 0 000 0 0
00001 0 0 0 000 0 0
0 00000
0 00000
0 00000
0 00000
0 00000
0 00000
1 00000
"=1o (" loooo0o0
0 00000
0 10000
0 01000
0 00100
0 00010
0 00001
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