MPRA

Munich Personal RePEc Archive

Disinflation and the NAIRU in a
New-Keynesian New-Growth Model
(Extended Version)

Ansgar, Rannenberg

School of Economics and Finance, University of St Andrews

23 February 2009

Online at https://mpra.ub.uni-muenchen.de/13610/
MPRA Paper No. 13610, posted 24 Feb 2009 19:30 UTC



Disinflation and the NAIRU in a New-Keynesian
New-Growth Model (Extended Version)

Ansgar Rannenberg!
Centre for Dynamic Macroeconomic Analysis (CDMA),
University of St. Andrews.
Email: ar435Qst-andrews.ac.uk,
Tel.: 0044/1334/462445.

23,/02/2009

IThe copyright for this paper belongs to Ansgar Rannenberg alone.



Abstract

Unemployment in the big continental European economies like France and Germany
has been substantially increasing since the mid 1970s. So far it has been difficult
to empirically explain the increase in unemployment in these countries via changes
in supposedly employment unfriendly institutions like the generosity and duration of
unemployment benefits. At the same time, there is some evidence produced by Ball
(1996, 1999) saying that tight monetary policy during the disinflations of the 1980s
caused a subsequent increase in the NAIRU, and that there is a relationship between
the increase in the NAIRU and the size of the disinflation during that period across
advanced OECD economies. There is also mounting evidence suggesting a role of the
slowdown in productivity growth, e.g. Nickell et al. (2005), IMF (2003), Blanchard
and Wolfers (2000).

This paper introduces endogenous growth via a capital stock externality into an
otherwise standard New Keynesian model with capital accumulation and unemploy-
ment. We subject the model to a cost push shock lasting for 1 quarter, in order to
mimic a scenario akin to the one faced by central banks at the end of the 1970s. Mon-
etary policy implements a disinflation by following a standard interest feedback rule
calibrated to an estimate of a Bundesbank reaction function. About 40 quarters af-
ter the shock has vanished, unemployment is still about 1.7 percentage points above
its steady state, while annual productivity growth has decreased. Over the same
horizon, a higher weight on the output gap increases employment (i.e. reduces the
fall in employment below its steady state). Thus the model generates an increase in
unemployment following a disinflation without relying on a change to labour market
structure.

We are also able to coarsely reproduce cross country differences in unemployment.
A higher disinflation generated by a larger cost push shock causes a stronger persistent
increase in unemployment, the correlation noted by Ball. For a given cost push shock,
a policy rule estimated by Clarida, Gali and Gertler (1998) for the Bundesbank
and the Federal Reserve Bank produces a stronger persistent increase in the case
of the Bundesbank than of the Federal Reserve. Testable differences in real wage
rigidity between continental Europe and the United States, namely, as pointed out
by Blanchard and Katz (1999), the presence of the labour share in the wage setting
function for Europe with a negative coefficient but it’s absence in the U.S. also imply
different unemployment outcomes following a cost push shock. If real wage growth
does not depend on the labour share, the persistent increase in unemployment is
about one percentage point smaller than when it does. To the extent that the wage
setting structure is determined by labour market rigidities, "Shocks and Institutions"
jointly determine the unemployment outcome, as suggested by Blanchard and Wolfers

(2000).



The calibration of unobservable model parameters is guided by a comparison of
second moments of key variables of the model with Western German data. The
endogenous growth model matches the moments better than a model without en-
dogenous growth but otherwise identical features. This is particularly true for the
persistence in employment as measured by first and higher order autocorrelation co-
efficients.
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1 Introduction

The persistent increase in continental European unemployment since the 1970s is of-
ten blamed on labour markets having become more rigid. There is however growing
evidence that labour market institutions, while powerful at explaining cross country
differences in unemployment at a given point in time, are less so at explaining the
evolution of unemployment across time, or at least leave a lot to be explained. Find-
ings along these lines include the IMF (2003), Nickell (2002), Blanchard and Wolfers
(2000), Fitoussi et al. (2000) and Elmeskov (1998).

This paper contributes to the explanation of the rise in European unemployment
by introducing endogenous growth into a New Keynesian model featuring unemploy-
ment. We implement this in a simple fashion by assuming that technological progress
is realised through investment and thus linking total factor productivity to the cap-
ital stock. We subject the economy to a 1 quarter non-serially correlated cost-push
shock and let the central bank disinflate the economy - as happened in many indus-
trialised economies at the beginning of the 1980s. This temporary shock can cause a
persistent and substantial increase in unemployment, lasting over 10 to 20 years in
an order of magnitude of 1 percentage points or more. The model also sheds light on
some cross-country differences in the unemployment experience.

More precisely, we aim to shed light on the following set of stylised facts and
empirical findings:

e Unemployment has increased substantially in many big European OECD economies
since the 1970s. Figure 1 displays quarterly unemployment rates from 1975 to
2000 for six selected OECD European Economies and the United States. Note
that unemployment is very persistent: It increases relatively quickly, as for
instance during the recessions at the beginning of the 80s, but reverts only rel-
atively slowly, incompletely, or not at all. By contrast, unemployment in the
United States shows less persistence. It also does not show much of a trend.

e There has been a decline in the growth rate of labour productivity (measured as
output per hour worked) across OECD countries in the 1980s. This decline has
been substantially larger in Western European Economies than in the United
States. Average annual productivity growth in Western European economies
was 1.5% lower in the period from 1981 to 1990 than in the previous decade,
while it declined by merely 0.2% in the United States.! Skoczylas and Tissot
(2005) estimate changes in trend productivity growth for OECD economies from
1960 to 2004. They locate declines between one and 3.9% between 1976 and
1985 in 9 Western European Economies but none in the United States.

! The number is based on cross country averages for 1971-1980 and 1981-1990 of the productivity
growth rates of Belgium, Denmark, Western Germany, Ireland, Spain, France, Italy, the Netherlands,
Finland, Sweden, the United Kingdom and Norway. These rates are based on the series on GDP at
constant prices and total hours worked from AMECO (2008).



e It is a consistent finding that a decline in productivity growth increases un-
employment. Examples include Bassanini and Duval (2006), Pissarides and
Vallanti (2005), Nickel (2002, 2005), Ball and Moffitt (2001) and Fitoussi et al.
(2000). Three of these studies (Bassanini and Duval, Blanchard and Wolfers, Fi-
toussi et al.) explicitly model interactions between productivity growth declines
and labour market institutions. They find that macroeconomic shocks help
to explain the evolution of unemployment across time while cross country-
differences in institutions help to explain why in some countries unemployment
responds more strongly to macroeconomic shocks than in others.

e Based on a study of 17 OECD countries, Ball (1999) argues that those central
banks willing to aggressively lower real interest rates during the recessions of the
early 1980s reduced the subsequent increase in the NAIRU in their countries.

e There seems to be a negative medium run relationship between the change in
inflation and the change in the NAIRU. This is illustrated in Figure 2, which
plots the change in the NAIRU against the change in CPI Inflation for 21 OECD
countries from 1980 to 1990 and from 1990 to 2000. The negative correlation
is not perfect but still obvious: Countries with a larger decrease in inflation
suffered on average a larger increase in their NATRU.? Ball (1996) was the first
to draw attention to this link and also investigated it more formally.

The paper is structured as follows: Section 2 develops a model which coarsely
encompasses the mainstream consensus on the long and short run dynamics of unem-
ployment. In this model, a temporary cost push shock only has a short lived effect
on unemployment and so has the monetary policy response to the shock. We coin
this model "Jackman, Layard, Nickell", or JLN economy. We then add the New
Growth extension. Section 3 discusses the calibration, which is informed by empiri-
cal evidence on some of the model parameters and by the comparison of the second
moments of a couple of model variables with their empirical counterparts, which is
conducted in section 4. Section 5 then discusses the response of the economy to a
one quarter cost push shock calibrated to induce a disinflation of about 4 percentage
points and focuses on the induced evolution of unemployment across time. It also
looks at the tradeoffs of policymakers face between stabilising inflation and stabilising
unemployment. Section 6 adds a cross-country dimension to our analysis. First, we
vary the size of the cost push shock and record the resulting changes in Inflation and
the NAIRU over a 10 year horizon. We then compare the differences in the unem-
ployment response generated by a Bundesbank and a Federal Reserve Policy rule as
estimated by Clarida, Gali and Gertler (1998), and finally we investigate the effects

’The data is taken from the OECD Economic Outlook. The countries are Australia, Austria,
Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Netherlands,
New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, United Kingdom, U.S.A.



differences in real wage rigidity between Europe and the United States. Section 7
concludes.

Figure 1: Unemployment for 6 European Economies and the
United States
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Figure 2: Change in CPI Inflation vs. Change in the NAIRU: 1980-1990, 1990-2000
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2 The Model

In this section we will develop a New Keynesian model with unemployment and
endogenous growth which contributes to explaining the above findings. To stress the
fact our results stem from the introduction of endogenous growth, we also present an
otherwise identical model without endogenous growth which we take as the starting
point of our analysis. This is a model to approximate the ruling consensus on the
relationship between unemployment and the NAIRU. We will refer to this model as
the JLN economy as the model that develops the current consensus on the short and
long run causes of unemployment. This consensus says that while unemployment
both in the short and in the long run is determined by aggregate demand, only the
NAIRU is consistent with stable inflation. Inflation targeting central banks will push
unemployment towards this level. The NAIRU itself will be affected by any variable
which directly increases wages in spite of excess supply in the labour market, increases
the pricing power of firms or reduces the efficiency of the labour market to match
jobs to workers (Nickell et al. 2002: 2-3, Jackman et al.1991).

Sections 2.1 to 2.4 develops the JLN economy, while section 2.5 shows which
modifications are necessary once we introduce endogenous growth.

2.1 Households

Danthine and Kurmann (2004) introduce unemployment in a general equilibrium
model without moving away from the representative agent framework. In the Danthine-
Kurmann setup individuals are organized in families in a zero-one continuum of fam-
ilies which are infinitely lived. All decisions regarding the intertemporal allocation
of consumption and the accumulation of capital are made at the family level. Each
family member supplies one unit of labour in-elastically but derives disutility from
the effort G(e;) he or she supplies in their job. The share of unemployed members is
the same for each family. The large family assumption means that although there are
unemployed individuals in the economy, it is not necessary to track the distribution
of wealth.

In addition, some workers supply overhead labour, whose nature will be described
in more detail below. They can be thought of as the owners of the monopolistically
competitive firms. Overhead workers never become unemployed because no firm
can produce without managerial staff. A share n® of the workforce is employed by
the government who is assumed to pay the same wage as the private sector. They
are funded by lump sum taxes.® All families have the same share of managers and

3The reason for introducing both state employees and overhead workers 7 is to achieve a rea-
sonable calibration of steady state values. In the Romer endogenous growth model, the level of
employment affects the growth rate. This is due to the fact that the marginal product of capital
is an increasing function of employment. The marginal product of capital governs the growth rate
by determining the willingness of households to save. To achieve a reasonable steady state growth
rate, we remove part of the labour force from "productive" sector and thus to reduce the impact



government employees.

Families solve the following constrained maximisation problem by choosing con-
(0-1)

sumption C; (which is a CES consumption basket C; = [ fol (ce(2))® dz’] ﬁ), bond-

holding B, investment expenditure I;, next periods capital stock K;,; and the effort
level e; of the typical working family member:

U=E, {Zﬁz [u(Cyyi — habyyi—1) — (N — T) G(eHi)]} Jul > 0,un <0 (1)
=0

B, B
s.t. (nt—ﬁ)wt—l— tP1<1+it71)+Ft+TfKtzct"i_Ft"i_Tt —{—[tand (2)
t t
I / "
t—1

where P, denotes the price index of the consumption basket. A family’s period
t income consists wages wy, interest income 7;_; on risk less bonds they bought in
the previous period B;_1, the profits of the monopolistically competitive firms in the
economy f 4, and dividends r¥ from renting out their accumulated capital K;. They
have to pay lump sum taxes T;. We assume adjustment costs in investment: Only
a fraction of one unit of investment expenditure is actually turned into additional
capital. This fraction decreases in the investment growth rate. The assumptions on
the first derivative of the S (.) function imply that adjustment costs vanish when the
economy is growing at its steady state growth rate ¢.* This implies that the steady
state growth rate does not depend on the parameters of the adjustment cost function
S. Setting up the lagrangian and denoting the lagrange multipliers of the budget
constraint and the capital accumulation constraint as \; and \;q; yields the following
first order conditions with respect to consumption, capital and investment:

of employment on the marginal product of capital by assuming that they perform necessary tasks
without which the productive sector could not operate (managerial work in case of overhead work-
ers, policing etc. in case of the state employees). We assume that government employees are paid
the same wage as private sector employees and are funded by means of lump sum taxes. Overhead
workers will be interpreted as managers who split the profits of the monopolistically competitive
firms.

4There are two advantages of assuming investment adjustment costs and external habit formation.
Firstly, it facilitates matching the second moments of investment and consumption, and secondly,
it makes the on impact response of unemployment to the cost push shock in the simulation we are
going to perform later more reasonable. By contrast, the impact on the longer run response of
unemployment is rather small.



. B , B 1 .
u (Ct — h&btfl) = 6Et |:u (CtJrl habt)—l T 7Tt+1:| [1 + Zt] (4)
)\t = U/(Ot — habt_l) (5)
BE; ()\t+17”f+1 + Ag1qesr (1 — 5)) = \iGt (6)
I L o ( I
wa (15 (75 049) ) - s (5 -] Y
Iiq 2 o (T4t -
+BE; [ Ai41qi+1 I S I 1+9) )| =N (8)

Note that with this notation, ¢; denotes the present discounted value of the future
profits associated with buying an additional unit of capital today, also known as
Tobin’s q. We assume logarithmic instantaneous utility. Following Schmitt-Grohe

2
and Uribe (2005), we assume S( L (1 —I—g)) = £ (L —(1 —i—g)) . Applying

It—l - 2 It—l
these functional forms yields the expressions discussed in section 2 of the paper.
The cost of effort function of individual j G(e;1; (7)) is of the form

G (ex(5)) (9)

_ <e ) - < b0 + 61 log wi(j) + 6y (m — 70) )9120)

! +¢3logw; + ¢y logw; 1 — d5logb; — gglog (Yi1/ (ny—1 — 71 —n?)) 7

log by = ¢glog (Yie1/ (ne—1 — 1 —n®)) + (1 — ¢g) logwi—1 + ¢ (11)
b1, 05 > 0,1 2 g 20,0y, 03,04 < 0,0, > =0

where Y, is private sector output. Note that the effort function enters the fami-
lies’ utility separately which implies that it is independent of the budget constraint.
Furthermore, state employees are assumed not to perform any effort while at work.
The first order condition with respect to effort is

ei(J) = ¢o + &1 logwy(j) + ¢y (ny — 1) + ¢3logw; (12)
+¢ logwi—1 — d5logb, — dg (Yi-1/ (N1 — 1 —n’))

The structure of the cost of effort function is motivated by the idea of "gift ex-
change" between the firm and the worker. The worker’s gift to the employer is effort.
The employer has to show his appreciation for the employees’ contribution by paying
an appropriate wage wy(j). A higher contemporary average wage w; reduces effort
because it represents a "reference level" to which the current employers’ wage offer
is compared. Put differently, it requires the firm to pay a higher wage if it wants
to extract the same amount of effort. A higher average past real wage w;_; boosts



the workers’ aspirations as well.” The aggregate employment level of non-overhead
workers n; —n summarizes labour market tightness. It is thus positively related to
the workers’ outside working opportunities, and thus also tends to reduce effort.

The view that wages have a big effect on workers morale and thus productivity
because they signal to the worker how his contribution to the organizational goals
is valued is supported by an extensive microeconomic survey conducted by Bew-
ley (1989). Bewley found that wage changes (in particular wage cuts) seem to be
especially important. Bewley interviewed over 300 business people, labour leaders
and business consultants in search for an explanation why wages are rarely cut in
recessions.’

The terms b; and (Y;_1/ (n;—1 — 7 — n®)) represent and a modification to the Dan-
thine and Kurman (2004) cost of effort function. b; denotes unemployment income.
This will be chiefly unemployment benefits and black market income. It tends to
lower the level of effort.” Workers want to be valued more than someone who receives
benefits or does not have a legal job. b; is linked both to past real wages and past
productivity in the private sector, where Y; denotes private sector output. This may
reflect both the structure of benefits and the manner in which the black market is
linked to the official economy. Productivity also has a direct effect on morale and ef-
fort as employees desire their due share of the companies’ success. Unions might play
a role in this to the extent that they instil a sense of entitlement among employees.

The employer takes this relationship into account when setting the wage, as will
be discussed further below.

2.2 Cost Minimisation and Efficiency Wages

The production technology is a Cobb Douglas production function,

Yi(i) = AKy(i)*(TF Pey(i) (ng(i) — 1))~

where the output of firm i Y;(¢) depends on the capital stock of firm i Ky(i), the
efficiency of its workers e;(i) and the number of non-overhead workers n,(i) — 7. In
the Danthine and Kurman model (2004), in a first stage the firm minimises its cost of
producing a given amount of output. Capital and labour are hired in economy wide

®See Danthine and Kurmann (2004), pp. 111-113. It would be desirable to have the individual
workers past real wage wy (j) in the equation but that would considerably complicate the max-
imisation problem of the representative firm dealt with later, so we follow Danthine and Kurman
in assuming a dependence of effort on the average wage. For the same reason we include average
productivity rather than the respective firm’s productivity.

6See Bewley (1998), pp. 459-490. A discussion of further evidence is Bewley (2004). Bewley
also argues that his findings contradicts essentially all theoretical justifications of real wage rigidity
not based on gift exchange considerations, like implicit contracts, insider outsider models or the
efficiency wage models based on no-shirking conditions.

"Danthine and Kurman (2007) introduce the benefit level as a factor which, ceteris paribus,
reduces effort.



factor market. However, the firm does not take the real wage as given but sets it
taking into account the relationship between effort and wages given by (12).® Hence
the firm’s problem is:

min R I (1) Fwe (1) (ng (1) —7) 5.2 Y (1) = AK,(3)*(TF Prey(i) (ny(i) — @)@

K (1),m () ,we (1), (7)

and e, (1) = ¢y + ¢y logw(i) + ¢ (ng — ) + ¢4 logwy
¢ log w1 — ¢5log by — ¢g (Yie1/ (ne—1 — 0 — 1))

The first order conditions for capital and labour are

r* = ame (i) ;?t((i)) (13)
wi(i) = (1 —a)me (i) ntz?)i—)ﬁ (14)

where mc; (i) and rF refer to real marginal costs of firm i and the capital rental
rate. It will be shown below that even though all firms set the wage individually,
firms will find it optimal to set the same wage and the same efficiency level. Dividing

the two first order conditions gives K — o w Thys the capital labour ratio is

ni(i)—m ~ l—ark
the same across firms. It is then easily shown usintg the production function that the

same holds for the output-capital ratio and the output-labour ratio. Hence we have

ry = ame— (15)

wy = (1 — a)me———— (16)

This then means that the capital to (productive) labour ratio, the output per unit of
productive labour ratio and marginal costs are the same in all firms, as can be easily
verified by dividing the two first order conditions. This gives the capital to productive

labour ratio as L — _e_ @ Quhstituting this back into equation (15) yields an

ne(i)—n l1—ark
equation for mc, (i) containing only labour augmenting technological progress and the

factor price, implying that marginal costs are the same across all firms:

()"t

" Aa®(1— a)o(¢,TFP)

™mce

(17)

We now turn to wage setting. The first order conditions with respect to effort and
the real wage are

8See Danthine and Kurman (2004), pp. 114-115.

9



— Ct¢1 (18)

n(i) —m = ™o

¢ = (1—ayme )

e (7)

Combining those with the first order condition with respect to labour yields an
optimal effort level of ¢,. Substituting this back into the effort function (12), we note
that, as the firm’s wage depends only on aggregate variables which are the same for
all firms, it must indeed hold that w, (i) = w; . Substituting for log b; and rearranging
then yields

(61 + ¢3)logwy = (@5 (1 — dg) — ¢4)logwi_1 + ¢y — G + O5P7 — Py (N — 1)
Y,_
— (p506 + ¢3) log (1/ (nt_l——ﬁl—ns)>

Subtracting (¢506 + (1 — ¢5)) log w,—; on both sides and dividing by (¢, + ¢3) then
yields

b= b0+ 050 by
¢1 + @3 01+ @3

_ (@506 + b5) log (wt—l (ng1 —m— ns))
b1+ @3 Yia

(ne — ) + 5 95— 04 logw,—y  (19)

log wy

Hence with the coefficient restrictions imposed above, the wage depends positively
on the past real wage and non managerial employment. It will be above its market
clearing level and thus there is unemployment in the economy.

Note that the last term in brackets is in fact the private sector labour share.
If this were constant in the steady state, as it would be at a constant employment
level, equation (19) could be solved for a long run real wage if % < 1. As
mentioned above however, in our model, Danthine and Kurmann’s, is a growth model.
Therefore the real wage must be growing in the steady state. Thus a wage setting
function simply relating the wage level to employment would not be consistent with
a stable employment level. The easiest way to deal with the issue therefore is to set
% = 1. This does not seem too restrictive: It simply says that an increase in
the log of the time t real wage in the economy (including firm i) has in absolute value
the same net effect on effort (remember we have ¢, + ¢5 > 0) as an increase in the

exogenous reference as represented by logw;_1, log b, and log (Y;_1/ (ny_1 — 7 — n®)).

10



Thus we arrive at a real wage Phillips Curve with a labour share term:

W1 (ntfl -—n— ns))
)

logw; —logw; 1 = a+bx(n, — M) +clog<

Yia
. G0 — ¢1 + 9597 2 (¢506 + ¢s)
ha= h=_——"2 and ¢ = — 2576 78/
with a Y ) 5 + 6 >0 c b+ 6o <0 (20)

Equation (20) is a real wage Phillips Curve plus an "error correction term" rep-
resented by the log of the labour share. Note that if there is no effect of productivity
on effort and (¢35 = 0) and no effect of productivity on benefits (¢4 = 0) we have
c=0.

It remains to determine the size of the overhead labour force. Following Rotemberg
and Woodford (1999), we assume that in the steady state, all economic profit gener-
ated by employing productive labour and capital goes to the overhead staff. Hence
the firm ends up with zero profits.” This is justified because setting up production is
impossible without overhead labour and the firms profit is thus essentially equal to
the collective marginal product of its overhead staff. We assume that the overhead
staff splits this profit equally. We assume the amount of overhead workers required to
enable production is such that the real wage for overhead and non-overhead workers
will be exactly the same in the steady state. These assumptions allow for a straight-
forward way to determine the amount of overhead and non-overhead workers as a
function of total employment. Zero profit requires

w—1
i

}/t — wtﬁ =0
where 2~ is the share of firms profits in output. Substituting w, = (1 — a)llm_;/—g_ﬁ
gives, aftcber some manipulation

p—1 n

B

11—« n—nmné—n

This is the ratio of overhead labour to productive labour, which we call 5. Solving for
n then gives

2.3 Price Setting and Nominal Rigidities

FEach firm produces one of the variants of the output good in the CES basket. House-
holds spread their expenditures across the different varieties in the basket in a cost
minimising fashion. Assuming that investment expenditure stretches over these vari-
ants in precisely the same way as consumption demand, we can write the demand

9See Rotemberg and Woodford (2004), pp. 15-16.

11



-0
for variant j as y;44(j) = Yiy (p ’}il(”) . Following Rotemberg (1983) we assume

that the representative firm faces quadratic costs if it alters its individual price in-
flation from a reference level II — 1. This is the steady state level of inflation in the
economy. These cost arise because frequent price changes are bad for the reputation
of the company. Convincing customers to remain with the company nevertheless is
costly. Additional costs arise because deviating from the "standard" level of inflation
requires the firm to engage in a costly re-optimisation process. This has to be carried
out by high paid marketing professionals, while price changes close to average infla-
tion can be decided by lower paid "frontline" staff. Both kinds of costs are likely to
increase in the firms output as well. We assume the following functional form:

ACuii(j) §<pp—% 0 () (21)

The firm j chooses its price p;;(j) in order to maximise

Z::OEt {Ptm [%%H(J) meyyiteri(f) — ACui(J )H (22)

where p, ,; denotes the discount factor used to discount real profits earned in period
t+i back to period t. Note that because households own the firms, we have p,;,; =

BZL”)’) Differentiating with respect to p;(j) and noting that, as all firms are the

u'(C.

same, py(j) = P, holds ex post, yields

P, P, o, B 2
1—0)+ 0mce, — ( —H) + 0= —1II
Um0\ g ) 5o T mn
Yii (Pt+1 ) Pt+1:|
+E [ —1I =0 23
t Iotfﬁi’lgp Y Pt Pt ( )

which is a nonlinear version of the standard New Keynesian Phillips curve. It is, how-
ever, a consistent feature of empirical estimations of Phillips curves that specifications
which include lagged inflation as well ("hybrid" Phillips curves") perform better than
purely forward looking Phillips Curves. This is because inflation has inertia.'’ Back-
ward looking elements are easily introduced into the price setting considerations of
the firm by assuming that the reference level of inflation does not remain constant
over time. Instead, we assume that it equals last periods inflation, i.e. II; = ?7

If the inflation rate becomes higher for several periods, firms will mandate frontline
staff to handle price increases of that size in order to keep costs low. Customers will

get used to the different pace of price changes as well, making a higher rate of price

10See for instance Gali and Gertler (2000).
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change less costly for the individual firm. Hence we have

P, Ptl) P, 2 P, Ptflz
1—0)+ 0mc, — < — +0= —
=9 e\pn T BL) B TR B T B
Yiyr (P P, Py
E — = 0 24
+ t |:pt,t+1g0 }/;: ( Pt Ptfl Pt ( )

The experiment we want to conduct later is a disinflation. Inflation is brought into
the economy by a so called "cost-push shock" u; widely used in the New Keynesian
literature.!! This shock increases current inflation, holding the values of past inflation
and marginal costs constant, and is added directly to the Phillip’s curve equation:

Iy P4 b
1-0)+40 — — — — 25
(1=6)+bma-yp ((PH “t) Pt2) (PH e ) (29)
¥ I Py Yiir (P P P
0= — — E — — =0

e <(PH “t) P, T ['Ot’t““p Y; ( r\r. ")) R
It is easily shown that up to first order, this Phillips Curve resembles very closely
specifications which are obtained by Woodford (2003) under the assumption of Calvo
contracts and full indexation of the prices of those firms which can not re-optimise
prices to past inflation.!? It is a forward looking accelerationist Phillips Curve. If
present and future marginal costs are at their steady state level and present and future

values of cost push shock are zero, inflation will remain constant. It will accelerate
or decelerate otherwise. Hence the model has a well defined NAIRU.

2.4 Monetary Policy

Monetary Policy is assumed to follow a simple Taylor type nominal interest rate rule.
The exact specification will vary across simulations. However, all specifications will
include a lagged dependent variable in order to account for the interest rate inertia
observed in the data. In the baseline, the interest rate reacts to current inflation and
the lagged output gap:

iv = (1—p) (E + T+ %ngtl) + pii—1 (26)

i, p and gp; denote the long-run real interest rate (recall that inflation is zero in the
steady state), the degree of interest rate smoothing and the output gap, respectively.
¢, and 1y denote the long run coefficients on inflation and the output gap. The
central bank responds to the lagged value of the output gap but current values of

HSee for instance Clarida et al (1999), pages 1665 and 1667.
12Gee Woodford (2003), p. 215. In fact, the coefficients on expected future inflation and the
coefficient on lagged inflation exactly match Woodfords’ results.

13



inflation. We choose this form because it matches the specification estimated by
Clausen and Meier (2003) on a real time output gap. We will discuss later why this
is more consistent with our model than the alternatives. However, our basic results
are not sensitive to changing the form of the policy rule.

The output gap is the percentage deviation of total output, i.e. private sector plus
the output of government employees, from its natural level. We calculate the output
of government employees by simply adding up their wages, following the convention
of national accounts. We assume that government employees earn the same wage as
in the private sector. For total output, we then have Y; + w;n®, while total natural
output is given by Y;" +win®. w; and Y,” denote the wage rate and the private sector
output level consistent with natural employment, or the NAIRU. Thus we have

Y, +wn® =Y —win®
Y +wpn®

(27)

apt =

Y,” denotes the private sector output level which would set marginal costs equal to
its long run level x4~ t, given the capital stock and the previous period’s real wage. As
can be obtained from equation (25), this would ensure that in the absence of cost push
shocks, inflation is neither rising nor falling. The employment level corresponding to
this output level will be referred to as "natural employment" ny'. The natural levels
of output and employment are derived by substituting the equation for the rental on
capital (15) and the wage setting equation (20) into (17) and setting mc; = p~*. The
natural levels of output, employment and the real wage are then given by the values
of Y;" n} and w} solving

ul = (nf —n® —n)* w}
A(l—a) (9, TFP) Ky
logwy’ —logwe—y = a+bx*(ny —7n)+ clog (wt_l (nt; _1 n—n ))
t—
Ytn = AKta<TFPt¢1 (n? —n’— ﬁ))l_a (28)

Note that given the past real wage, the capital stock has a positive effect on
natural employment given the past real wage. This effect works through the negative
effect of a higher capital stock on the capital rental. This tends to lower marginal
costs and thus accommodates a higher real wage given the mark-up. This allows the
employer to meet the demands of wage setters associated with higher employment.

2.5 Introducing Endogenous Growth

The basic idea in the knowledge spill-over model of Romer (1986) is to start off with a
standard neoclassical production function with labour augmenting technical progress
as above.!> An additional feature is that labour augmenting technological progress

13The exposition here follows Barro and Sala-i-Martin (2004), pp.212-222.
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might be firm specific. Thus the output of firm i is given by
Yi(i) = F(K (i), TF P, (i) my (i) (29)
Romer then makes two crucial assumptions:

e Increasing it’s physical capital simultaneously teaches the firm how to produce
more efficiently. This idea was first suggested by Arrow (1962). For simplicity,
in the Romer setup, TF' P, (i) is simply proportional to the firm’s capital stock.

e Knowledge is a public good. Hence each firm’s knowledge is in fact proportional
to the aggregate capital stock rather than to its own.!* However, the impact of
the firm’s capital stock on the aggregate capital stock is so small that they can
be neglected. Thus the production function of firm i becomes

Vi) = F(K(), Kini(i)) (30)

This implies that there are now constant returns to capital at the economy wide
level, allowing per capita output to grow. However, there are still decreasing returns
to capital at the firm level. In the Romer model, this leads to a growth rate which is
inefficiently low. This is because saving is to low as the individual return on capital
falls short of the social return on capital.

Thus we set TFP, = K; in the equations derived in the previous section. The
marginal cost equation (17) and the aggregate production function become

()"t

Aa (L= )= (§ K=

mcy =

(31)

Yi = AKi(¢y (ny —n® — 7)) ° (32)

To arrive at from the production function (?7?), after setting TF'P, = K, we divide
by n.(i) — 7. As the capital labour ratio and the output per unit of productive labour
ratio are the same across all firms, we arrive at (32).

The capital stock now has a stronger effect on both marginal costs and output than
in the JLN economy. An increase in the capital stock by 1% for a given employment
level (implying that output expands at the same rate) reduces marginal costs by
1%. In the absence of endogenous growth the effect is only a% This can be see by
substituting the capital rental out of equations (17) and (31) and then substituting

% using the respective production functions.
t

14See Barro/ Sala-i-Martin (2004), pp.21-22.
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Accordingly, the capital stock also has a greater effect on natural employment and
the NAIRU. The equivalents of equations (28) are

o (mp=nt =) wy
Al —a)(¢) K,
w1 (ng—1 — 1 —n®)
)
V' = AKy(¢; (nf —n® —m))' ™" (33)

0

logwy —logw;—y = a+bx (n} —n) +clog(

Clearly, an increase in the capital stock now accommodates a larger increase in
natural employment than in (28) ..

2.6 The Aggregate Equations

This section summarises the models aggregate equations developed above for conve-
nience of the reader and introduces explicit functional forms where that has not yet
been done above. As many of the economy’s variables are growing in the steady state
(Y:.Ch, I, wy, Ky), simulation of the model requires normalising those variables with
a cointegrated variable. It is very convenient from a technical point of view to nor-
malise with respect to the capital stock. How that is done is shown in the appendix,
as well as the computation of steady state values of the stationarised variables.

Aggregate demand is the sum of consumption, investment, the amount of price
adjustment costs and government expenditure:

ADt = Ct + -[t + g(ﬂ't — 7Tt_1)2}/; + wtns (34)

We will assume logarithmic utility so that the consumption Euler equation be-
comes

1
(Cip1 — haby) (1 + m444)

1/(C, — hab1) = B (1 + i) B, (35)

The level of habit is given by
hab,—1 = jCy—4
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Investment expenditures is governed by the following equations:

1
/\t — _Ct _ habt_l (36)
BE; (>\t+17°f+1 + At11qi41 (1 - 5)) = A\ (37)
K It >2 It ( It >
A 1—=—(——(1+ ——k|——=(1+ 38
tqt [( 9 (Itl ( g) ) [tfl [tfl ( g) ( )

+8E, =N

\ L\ (I
414Gt 11 e K Tt_(1+9)

while capital accumulation is given by

Kt+1:(1_5)Kt+[t(l_g(%_(l—{_g))) (39)

The capital rental is given in both models by

Y,
= amctEt (40)
t

However, with endogenous growth, we can write rf as a function of employment and
marginal costs alone, namely as

¥ = ame, A(p, (ng —n® — 7)) (41)
Marginal cost in the JLN economy becomes

(rf)a wtl""

= 42
M= Aaa(1 — a)-a(,TF P, (42)
while in the presence of endogenous growth, we have
kY, 11—«
meg (rf) (43)

- Aa(I- ) (g K

Wages are set according to equation (20):

logwt _logwt_l _ a+b* (nt _ﬁ> +Clog (wt—l (nt_l —n—-"n )) (44)

Total output in the absence of endogenous growth is given by private sector output
Y; plus the output of state employees:

Output, = AK,“(TFP,¢, (ny — 7 —n*))"* + wn® (45)
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while in the presence of endogenous growth, we have
Output; = AK,((ny — 7 — n®) ¢;) = + wn®

Markets clear:
AD; = Output,

The evolution of prices is determined by the Phillips Curve, where we replace the
stochastic discount factor by its definition p,;,; = 8= (Crpr—habr) _ gCe—habi—

w/ (Cy—habi—1) ~— 7 Ciy1—habe
Py Py P % P, P15
1—-0)+46 — — — — 0= — —
(1 =6) +6me, =g ((Pt_l “t> PH) (Pt_l “t) \en ") TR
Cy —hab—y Y1 (P P, Py
E — — =0 46
ok {Om ey, . \BL ")) h (46)
Finally, monetary policy is specified by equation (26)
o _. by |
it =(1—p) |1+ Pm + = 9P + Pl (47)

with gp; as defined in (27) with natural output as determined in (28) for the JLN
economy and as determined in (33) for the New Growth economy.

3 Simulation Setup and Calibration

We aim to create a scenario akin to the one faced by central banks in Western Europe
at the end of the seventies and the beginning of the 1980s. That means we would like
to create a situation where annual inflation increases several percentage points above
its target level for some time and is then subsequently reduced. Therefore u; is set
equal to 0.03 for the first quarter and the model is simulated under perfect foresight.
To put it differently, for given values of marginal cost, past and expected inflation,
inflation in that quarter is increased by three percentage points. In the baseline
simulation, this will give rise to a disinflation of a bit more than 4.6 percentage
points over 5 years, if we compare annual rates in the first and the sixth year. This is
at the lower end of disinflations actually experienced during that period. For instance,
in Germany, annual inflation was at 6.3% in 1981, which was then reduced to -0.1%
in 1986, which is a rather small disinflation compared to the UK, France or Italy
were inflation declined by 8.6, 10.8 and 13.7 percentage points over the same period,
respectively. Note that there is no endogenous persistence in the shock itself beyond
the first quarter, implying that any persistence in the path of the variables and in
particular unemployment beyond that point is endogenous. The models are solved
employing a second order approximation to the policy function using the approach
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of Schmitt-Grohe and Uribe (2004). We use the software Dynare to implement the
solution.'?

The calibration of the non-monetary policy model parameters for the experiment
described above is presented in table 1. It was arrived at as follows. We distinguish
between four different types of parameters. The first set is calibrated according
to standard values in the literature. This set contains the utility discount factor
[, the private output elasticity of capital «, the elasticity of substitution between
varieties of goods #, the depreciation rate d, and the price adjustment cost parameter
.  is calibrated as to generate marginal cost coefficient in the linearised version
of equation 12 which would also be generated in a Calvo Phillips Curve with full
backward indexing of unchanged prices and a probability of no re-optimisation is
2/3.

The second set, consisting of n®, a, b and c, is based on empirical evidence. n*
is calculated from data of the German statistical office on the number of full time
equivalent employees in the public sector and on total hours worked in the economy
in 2006. b and c are calibrated to be consistent with an estimate of that function.
We estimate (44) on German data on hourly labour costs, unemployment (instead
of employment, as is done in the empirical literature) and the labour share in GDP
ranging from 1970 to 2000. We then calibrate the intercept a to achieve a steady
state unemployment rate of 4%.

The third set consists of the three "free" parameters A, x and j the production
function multiple, the parameter indexing adjustment costs and the degree of habit
formation. They were calibrated to match second moments of a couple of important
variables in German data. The results are discussed in an extended version of this

paper.
Table 1: Calibration of non-policy Parameters
Q@ 6] J A |6 0 o % a b c K Uy n
0.33 099 |04 038|6|0.025| 0452 | 30 | -0.1123 | 0.08 | -0.1 | 0.65 | 0.03 | 0.1793
n’ i grep | Oy
0.18 | 0.0181 | 0.0079 | 0.003

The baseline calibration of the monetary policy reaction function is taken from
Clausen and Meier (2003), who estimate a Bundesbank policy rule over the period
from 1973 to 1998 for quarterly data. Clausen and Meiers best performing model
yields the statistically significant coefficients on output, inflation and the lagged in-
terest rate reported in table 2 which in fact correspond to the original coefficients
proposed by Taylor (1993) to characterise the policy of the Federal Reserve. Their
estimate of the output gap coefficient is of particular interest because the Bundes-
bank was often perceived as paying less attention to output than the Fed. This is
also borne out by other Taylor-rule estimates, one of which we discuss below. For
the purpose at hand, we consider using the least hawkish baseline coefficients for the

15To be able to solve our two growth models, we normalise with respect to the capital stock and
total factor productivity (see Appendix).
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policy rule in the literature of Bundesbank Taylor rule estimates. It will become clear
why this is the case when we discuss the simulation results.
Table 2: Baseline Calibration of the Policy Rule: Clausen and Meier

(2003)16
¢7r ¢Y P
1.5]0.52 | 0.75

However, we are also interested in comparing the effects of different policies esti-
mated for the Bundesbank and the Federal Reserve. Therefore we would like to draw
on a study using the same methodology to estimate policy rules for different coun-
tries, Clarida et al. (1998). Their rule is estimated using monthly data. A quarterly
data version of their specification would be

iy = (1 —p) (E+wﬂEt( 1

g1 + Tipo 1— T3 + 7Tt+4) + ﬂgpt) + pit—l (48)

Hence the central bank responds to a one year forecast of inflation, the current
output gap and the lagged interest rate.!” They measure potential output using a
quadratic trend of a West German industrial production index and their data set
stretches from 1979 to 1993 and estimate the policy rule using the general method
of moments.!® The point estimates are replicated in table 3. Clearly, the small
coefficient on the output gap corresponds more to the conventional wisdom on how
the Bundesbank was conducting policy.

Table 3: Forward looking interest rate Rule: Clarida, Gali and Gertler
(1998)"°

Z/}7r wY P
1.31 ] 0.25 | 091

16See Clausen and Meier (2003), p. 22.

17See Clarida et al. (1998), p. 1039 and 1042.
18See Clarida et al. (1999), p. 1040.

19See Clarida et al (1998), p. 1045.
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4 Some Moment Comparison

We now report the results of comparing the second moments generated by stochastic
simulations of the model economy to the corresponding empirical moments for Ger-
man data. The moment comparison forms an important part in the calibration of
the model. The three free parameters x, A and j where calibrated with an eye on
the empirical standard deviation of the investment /capital ratio to the output capital
ratio and the persistence of employment and consumption, both as measured by the
first to fifth order autocorrelation. We report some selected second moments of other
important variables to give an idea how the model in the chosen calibration matches
the data. We carry out the same comparison for the JLN economy, and for both the
baseline policy reaction function and the Clarida, Gali Gertler (1998) estimate.

We consider the following variables: The ratios of (total) output, consumption,
investment and real wages to capital, denoted as Fy, D, R, and H; respectively (recall
that we have to normalise all the trended variables with the capital stock to render
them stationary) and employment n; (measured as linearly detrended log hours),
the nominal interest rate i;, inflation m; (measured as the change in the consumer
price index (CPI)), productivity growth p; (measured as change in real GDP per
hour worked), capital stock growth g;, and the investment/ savings rate /Y. From
those, we compute the following moments: The coefficient of variation for output,
the relative standard deviations of D;, R; and m; to F}, the standard deviations of
employment, the savings rate and capital stock growth , the cross-correlation of all
variables with F; and the autocorrelation of each variable up to the fifth order. We
conduct the moment comparison for both the baseline case and the reaction function
estimated by Clarida, Gali and Gertler.

The construction of the data for F}, D;, R; and H; are discussed in the Appendix.
The raw data was obtained from the Statistische Bundesamt, except for the nominal
interest rate and the inflation data which was obtained from the "International Fi-
nancial Statistics" CD-ROM. The data set ranges 1970:Q1 to only 1990:Q4 because
reunification is associated with a big drop in F}, D; and R;, which would distort the
moments. Furthermore, there are strong theoretical reasons to believe that all vari-
ables other than employment, inflation and the nominal interest rate are stationary.
This is why we do not detrend or filter them. However we adjust the sample to induce
stationarity if stationarity is not confirmed for the full sample by either an ADF test
(by rejecting the null of a unit root) or a KPSS test (by not rejecting the null of
stationarity). Where we have to detrend, we use a linear time trend. The details are
given in the appendix.

Table 4 reports the various standard deviations, relative standard deviations and
cross-correlations with the output capital ratio F} listed above. Column 1 contains the
data, while column 2 and 3 refer to the baseline policy reaction function. The standard
deviation of employment for the New Growth economy is on the mark because we have
calibrated the standard deviation of the cost push shock accordingly. The resulting
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coefficient of variation of F; for the New Growth Model (NGM) is smaller than in the
data. It is in fact almost equal to the standard deviation of employment, which is in
fact also true for the JLN economy. The relative standard deviation of D; in the New
Growth model is very close to the data, while in the JLN economy, it is far too low.
The relative standard deviation of R; with respect to F; is close to the data in both
models but closer in the New Growth economy. The standard deviations of capital
stock growth is very close to the data in the New Growth economy. The same holds
for the standard deviation of capital stock growth relative to the standard deviation
of employment (0.0766 as opposed to 0.0714 in the data). This is important because
movements capital stock growth rates drive the results (and in particular employment)
in the New Growth economy discussed in the next section. Therefore we would like
the standard deviation of capital stock growth relative to employment to be close to
the data. In the JLN economy, this relative standard deviation is too high.

Turning to the cross-correlations, what is most striking is that for the JLN
economy, corr(iy, Fy), corr(m, Fy), corr(p, Fy) are wrongly signed. They are nega-
tive where the data is positive. The New Growth model produces wrong signs for
corr(my, Fy), though the absolute value is much smaller than for the JLN Economy,
and corr(Hy, Fy). The magnitudes of corr(Dy, Fy) and corr(Ry, F}) are not too far
away from the data for both models, while for corr(n,, F;), both models produce con-
siderably too high values. It is particularly interesting that the New Growth model
produces a positive correlation between the output capital ratio and the nominal
interest rate. Correctly matching the correlation of output with inflation and the
nominal interest rate is generally perceived as a difficulty in New Keynesian models
if demand shocks are absent.?’

Table 4: Relative Standard Deviations and Cross-Correlations

Moments Data | JLN NGM | CGG: JLN | CGG: NGM
sd.Fy/meanF; 0.0272 | 0.0115 | 0.0192 | 0.0077 0.0215
sd.Dy/sd.F, 0.6179 | 0.4447 | 0.5936 | 0.4619 0.5910
sd.R;/sd.F; 0.4888 | 0.5783 | 0.4540 | 0.6072 0.4812
sd.ny 0.0196 | 0.0112 | 0.0209 | 0.0074 0.0235
sd (L]Y) 0.0092 | 0.0048 | 0.0053 | 0.0035 0.0061
sd.m¢/ (sd.Fy/meanFy) | 0.208 | 0.3645 | 0.2001 | 0.8801 0.1982
sd.gy 0.0014 | 0.0012 | 0.0016 | 0.0009 0.0018
corr(Dy, Fy) 0.8658 | 0.95 0.9923 | 0.8863 0.9906
corr(Ry, Fy) 0.9102 | 0.9317 | 0.9953 | 0.8898 0.9948
corr(ng, Fy) 0.5921 | 0.950 0.9990 | 0.8001 0.9991
corr (g, Fy) 0.1557 | -0.6772 | 0.0830 | 0.0188 0.8804
corr(m, Fy) 0.2001 | -0.5071 | -0.0901 | 0.1471 0.2263
corr(pe, Fy) 0.2653 | -0.1966 | 0.7587 | -0.2452 0.8262
corr(H,, ) 0.4924 | 0.4476 | -0.6729 | 0.4463 20.7258

208ee for instance Nolan and Thoenissen (2005), p. 25-26.
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Table 5 reports the autocorrelation up to the fifth order for the data and the
baseline case. For those variables which we do not reject the null of stationarity over
the full sample we use the dataset starting in 1970 rather than the reduced dataset
starting in 1974 in order not to unnecessarily sacrifice information. When the i-th
order autocorrelation of a variable is within £0.1 of the corresponding autocorrelation
in the sample, it is printed in bold. A number in italics means that the value is closer
to the data than the i-th order autocorrelation of the same variable in the competing
model. Concerning the variables F}, D;,and n;, we observe that the New Growth
economy is matching the persistence the data quite closely. By contrast, R;, g;, %
and I;/Y; are considerably less persistent in the New Growth model than in the data,
although they are still considerably closer to the data than in the JLN economy
Conversely, all these variables show far too little persistence in the JLN economy
(and for all variables less than in the New Growth economy): The autocorrelations
are dying off too quickly.

For 7;, both models produce very similar autocorrelations. They match the first
order autocorrelation but all the remaining ones are incorrectly signed. For p;, both
models produce incorrectly signed first and second order autocorrelations. The JLN
economy then does match the sign of the third order autocorrelation but produces
wrong signs for the remainder. The New Growth economy produces a wrong sign
for the third order autocorrelation but almost matches the fourth and matches the
sign of the fifth. For the real wage to capital ratio H;, both models match the first
to fourth order autocorrelation, though the JLN economy comes closer to the data.
The New Growth economy fails match the fifth order autocorrelation, while the JLN
economy does.

Thus the New Growth model does mostly better than the neoclassical at matching
the data’s second moments for the baseline central bank reaction function, with very
few exceptions.

Table 5: Autocorrelations, Baseline
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Order of Autocorrelation | Data | JLN | NGM | Data | JLN | NGM
E Ft Ft Z't Z't Z.t
1 0.86 | 0.89 | 0.93 | 0.9 0.8 0.84
2 0.75 | 0.65 | 0.82 | 0.75 | 0.49 0.58
3 0.65 | 0.4 0.71 | 0.58 [0.22 | 0.38
4 0.56 | 0.22 | 0.63 | 0.39 | 0.06 | 0.25
5 0.47 | 0.08 | 0.58 | 0.23 | -0.00 | 0.2
D, D, Dy e e Ty
1 0.93 | 0.88 | 0.94 | 0.35 | 0.45 | 0.42
2 0.9 (065 | 0.85 |-0.16 | 0.1 0.07
3 0.85 | 04 0.76 | 0.21 | -0.07 | -0.09
4 0.79 | 0.22 | 0.71 | 0.6 -0.11 | -0.11
5 0.73 | 0.11 | 0.68 | 0.17 | -0.08 | -0.07
Ry Ry Ry Pt Pt Pt
1 0.96 | 0.9 0.94 | -0.03 | 0.53 0.84
2 0.92 | 0.68 | 0.82 | -0.18 | 0.07 | 0.67
3 0.86 | 0.45 | 0.7 -0.02 | -0.21 | 0.53
4 0.81 [ 0.24 | 0.6 0.37 | -0.31 | 0.47
5 0.74 | 0.1 0.54 |0.04 |-0.27 | 0.42
Ty g ny H,; H,; H;
1 0.93 | 0.88 | 0.94 | 0.92 | 0.99 | 0.99
2 0.84 | 0.65 | 0.84 | 0.89 | 0.95 | 0.97
3 0.73 | 0.34 | 0.74 | 0.85 | 0.9 0.94
4 0.62 | 0.20 | 0.66 | 0.82 | 0.84 | 0.92
5 0.51 | 0.08 | 0.62 0.78 | 0.78 | 0.89
Order of Autocorrelation | Data | NCM | NG | Data | NCM | NG
g g g 1)y |1)Y |1/Y
1 0.97 | 0.9 0.94 | 0.95 | 0.91 | 0.94
2 0.94 | 0.68 0.82 1 0.91 | 0.71 0.82
3 0.89 | 0.45 | 0.7 |0.87 | 049 | 0.69
4 0.85 | 0.24 0.6 0.82 | 0.3 0.58
5 0.79 | 0.1 0.54 | 0.75 | 0.15 | 0.51

We now turn to the reaction function estimated by Cl
(1998). The relative standard deviations and cross correlations can be obtained from
columns 4 and 5 of table 4. Again the standard deviations of F; and n, are quite close
to each other for both models, unlike in the data. The New Growth economy still
closely matches the relative standard deviation of D, and R, (the later even better
than before). In the JLN economy the relative standard deviation of D, is still a
good deal too low and the relative standard deviation of R, is even further from the
data than before. corr(Dy, F}) and corr(Ry, F;) are almost equal while corr(ng, F})
is considerably reduced (and thus brought closer to the data) for the JLN economy.
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corr(Hy, Fy) and corr(ps, F;) also show some change in magnitude but not in signs. By
contrast, corr(m, F}) becomes positive in both models, with the New Growth model
coming very close to the data. Concerning the autocorrelations, which are reported
in Table 6, note that they generally increase somewhat in the New Growth model,
much so in case of 7;, but decrease in the neoclassical model, with the exception of 7,
and 7;. Thus we conclude that the New Growth model is still better at matching the
second moments discussed here, in particularly the persistence in the data, than the
JLN economy.
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Table 6: Autocorrelations, Clarida, Gali Gertler Reaction Function

Order of Autocorrelation | Data | JLN | NGM | Data | JLN | NGM
F, F, F, 1t Tt 1t
1 0.86 | 0.84 | 0.96 | 0.9 0.91 | 0.99
2 0.75 | 0.57 | 0.87 | 0.75 | 0.73 | 0.98
3 0.65 [ 0.30 | 0.77 | 0.58 | 0.55 | 0.96
4 0.56 [ 0.10 | 0.69 | 0.39 | 0.42 | 0.93
5 0.47 | -0.01 | 0.64 | 0.23 | 0.34 | 0.91
D, D, Dy Ty Ty Ty
1 0.93 | 0.77 | 0.96 | 0.35 | 0.66 | 0.49
2 0.9 |0.46 [0.90 |-0.16 | 0.36 | 0.14
3 0.85 | 0.23 | 0.83 | 0.21 | 0.12 | -0.06
4 0.79 | 0.13 | 0.78 | 0.6 -0.03 | -0.13
5 0.73 [ 0.12 | 0.74 | 0.17 | -0.1 -0.11
Ry Ry Ry Dt Dt Dr
1 0.96 | 0.92 | 0.96 | -0.03 | 0.34 |0.9
2 0.92 | 0.72 | 0.86 | -0.18 | -0.00 | 0.76
3 0.86 | 0.48 | 0.75 | -0.02 | -0.20 | 0.64
4 0.81 | 0.26 | 0.65 | 0.37 |-0.26 | 0.55
5 0.74 | 0.08 | 0.58 | 0.04 |-0.23 | 0.49
g g Ny H, H, H,
1 0.93 | 0.82 | 0.96 | 0.92 | 0.99 | 0.99
2 0.84 [ 0.53 | 0.88 | 0.89 | 0.95 | 0.98
3 0.73 | 0.24 | 0.8 0.85 | 0.91 | 0.95
4 0.62 | 0.03 | 0.73 | 0.82 | 0.85 | 0.93
5 0.51 | -0.1 | 0.68 | 0.78 | 0.8 0.90
Order of Autocorrelation | Data | NCM | NG | Data | NCM | NG
g g g Iy 1)y |1/Y
1 0.97 | 0.92 | 0.96 | 0.95 | 0.94 | 0.95
2 0.92 | 0.72 | 0.86 | 0.91 | 0.78 | 0.85
3 0.88 [ 048 | 0.75 | 0.87 | 0.58 | 0.78
4 0.83 | 0.26 | 0.65 | 0.82 | 0.37 | 0.62
5 0.78 | 0.08 | 0.58 | 0.75 | 0.19 | 0.5/

5 Simulation Results

Figure 3 plots the response of actual unemployment for the JLN and the New Growth
economy to the one quarter cost push shock. In all figures, the initial value is the
steady state value of the respective variable. Furthermore, when we refer to “Base-
line” in figures or in the text, we always mean the New Growth economy in its
baseline calibration.
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In the JLN economy, unemployment increases by about 3 percentage points on
impact but starts recovering after reaching a maximum of 10.4%. It then quickly
recovers and in quarter 8 practically returns to its steady state value and then slightly
overshoots for some time. Employment would be expected to decrease because the
cost push shock will increase inflation which will ultimately lead to an increase in
ex ante real interest rates via equation 13. As consumers and investors are forward
looking, this causes a contraction of aggregate demand on impact. Figure 4 plots the
inflation rate, which peaks in quarter 1 at a value of about 3.8% and then quickly
declines back to zero.

Figure 3: Unemployment in the New Growth and the JLN

Economy
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Figure 4: Inflation in the New Growth and the JLN Economy
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Figure 5: Baseline - Unemployment and NAIRU
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By contrast, in the New Growth economy, unemployment increases by more on
impact than in the JLN economy. Even more important, the increase is far more
persistent. After about 11 quarters (10 quarters after the end of the shock), when
employment is already overshooting in the JLN economy, only a bit more than half
of the on-impact loss in employment has vanished and employment is still about 3.2
percentage points below its steady state value. What is more, employment growth
then comes to a halt: quarterly increases are around 0.06 percentage points per
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quarter or less. As can be seen in table 4, in the New Growth economy, after 10
years unemployment is still about 1.8 percentage points above its steady state value
and after 15 years the difference is still about 1.2 percentage points. Thus as often
observed in the Europe, unemployment increases quickly but falls only very slowly.
Furthermore, Figure 5 reveals that the persistent increase in actual unemployment is
matched by an increase in the NAIRU, as after six quarters, actual unemployment
falls below the NAIRU, which gradually increases during and after the recession. A
glance at Figure 4 shows that inflation (after peaking in quarter 1 at a quarterly rate
of about 3.3 percentage point) indeed stops declining at about the same time actual
unemployment falls below the NAIRU, as we would expect from the definition of the
NAIRU.
Table 4: Unemployment deviation from the Steady State in the New

Growth Economy, Baseline and ¢ ,= 5

Quarters | 10 [ 20 | 30 |40 |50 | 60 | 70 | 80

Baseline | 3.1 |28 2318 |15 121 0.8

Yy =5 |[19]15|12|1.0]08|06|0.5]|04
We know from (44) that an increase in unemployment will reduce real wage growth
which would tend to lower marginal costs, so there must be a strong countervailing
force pushing marginal costs up in order to explain why inflation stops falling. Figure
6 shows that while real wage growth drops sharply, in quarter 2 the growth rate of
the capital stock falls by even more and remains considerably below real wage growth
for about 9 quarters. After that they are about equal. Slower capital stock growth
entails slower technological progress and thus slower growth of labour productivity,
which will tend to generate a higher trajectory of marginal cost for a given level of
real wage growth. In the New Growth model, the movement of real wages relative to
labour productivity for a given employment level is thus captured by the evolution
of the wage capital ratio. This variable matters a lot for marginal cost, as shown
by (43). Figure 7, which plots the deviations of marginal cost and the wage capital
ratio from their steady state values confirms that it is the movement of the real wage
capital ratio which drives marginal cost back up, as both move broadly in parallel.
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Figure 7: Baseline - Real Wage Capital Ratio and Marginal
Costs
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By contrast, in the JLN economy, the effect of the capital stock on marginal

costs is much weaker.

The major determinant of marginal costs apart from real

wages is total factor productivity T'F'P,. This grows exogenously no matter whether
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output and investment are contracting or growing. Thus marginal costs or, to put it
differently, the permissible, non-inflationary rate of real wage growth are much less
affected by changes to the capital stock.

Turning back to the New Growth economy, the recovery of actual employment
has to slow down after about 6 quarters because unemployment arrives at a level
beyond which any reduction would cause inflation to accelerate as it pushes real wage
growth above the growth rate of the capital stock and thus pushes up marginal cost.
This would trigger interest rate increases via the policy rule. In fact this is already
happening as actual unemployment is falling below the NAIRU and inflation starts
to pick up. To put it differently, the central bank does not have a reason to boost
employment by aggressively lowering the interest rate because although inflation is
somewhat below target, the output gap is closed as marginal cost equals its steady
state value. Figure 8 shows that the central bank stops lowering the real interest rate
iy — Fymy after 8 quarters, when it is 0.45 percentage points (about 1.81 percentage
points at an annualised rate) below the steady state value, and begins to tighten
again.

This level of the real interest rate is not very expansionary, while below its steady
state value, is not very expansionary. Figure 9 summarises the benefits from investing
by plotting the present discounted value of an additional unit of capital, ¢;. ¢; recovers
quickly after the shock has passed and reaches its steady state value of one after five
quarters. It then slightly exceeds it’s steady state level for six quarters. However,
this is not sufficiently high to move the capital stock growth rate up quickly because
of the investment adjustment costs: The first order condition (?7) determines the
investment growth rate, which due to fast recovery of ¢;, moves much closer to it’s
steady state value as well. However, the capital stock growth rate depends on the
investment capital ratio, as can be seen from equation (39), which has declined during
the recession and subsequent period of slow growth. Thus a faster recovery of capital
stock growth would require an investment growth rate exceeding the steady state,
which would have to be induced by an above steady state ¢, which in turn would
require a lower real interest rate.
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Figure 8: Baseline - Real Interest Rate
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The speed of

recovery is then governed by the relative growth rates of real wages

and the capital stock. From quarter 9 onwards, the capital stock grows slightly faster

than real wages.

This causes a slow decline in the wage-capital ratio, as can be

obtained from figure 8, and allows for a slow reduction in unemployment because
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higher productivity growth implies firms can accommodate the increased real wage
growth associated with a tighter labour market without facing an increase in marginal
costs. This, in turn, again increases capital stock growth by increasing the marginal
product of capital.

Thus the disinflation engineered by the central bank, while clearly successful, has
come at a cost beyond a temporary reduction in employment: The unemployment
level consistent with constant inflation, has increased. Just as found by Ball, a
successful disinflation during which the economy goes into a recession is followed by
an increase in the NAIRU.

Associated with the increase in unemployment is a persistent slowdown in labour
productivity growth. This is in line with the evidence cited above. It is easily shown
that labour productivity growth across all employees in the New Growth model can
be written as p; = %";—;1 — 1. Thus if quarterly employment changes are
negligible, productivity growth equals output growth. Furthermore, with employment
approximately constant, output growth is essentially equal to capital stock growth.
Therefore, from quarter 9 onwards, p; approximately equals capitals stock growth.
At this point it falls short of its steady state value by about 0.23% per quarter or
0.92% at an annualised rate, while 40 quarters after the shock it is still about 0.11%
lower than in the steady state, or 0.44% at an annualised rate. Average annualised
productivity growth over the first 10 years after the shock equals 2.46%. Assuming
that average productivity growth before the shock hit equalled its steady state rate
of 3.42%, this implies a decline of average productivity growth from one decade to
the next of 0.96%. Interestingly, average German productivity growth did decline by
1.44% from the 1970s to the 1980s.2!

These results provoke the question how changes to the central banks reaction
function would affect the long-run paths of employment and inflation. Intuition would
expect that a stronger weight on the output gap in the reaction function would lead
to a smaller decrease in employment not just in the short but also in the long run. As
investment would be squeezed less, there would be a smaller decline in capital stock
growth which could accommodate higher of non-inflationary employment after the
recovery from the recession. To show this we increase the coefficient on the output
gap, ¥, to 5, leaving all other parameters the same. The corresponding evolution
of unemployment can be obtained from figure 10. Indeed unemployment not only
increases considerably less in the short run (in fact it decreases on impact), and after
40 quarters, it is still about 0.8 percentage point lower than in the Baseline case,
as can be obtained from the second line of table 7. Hence a less hawkish monetary
policy has indeed very long-lasting benign effects on unemployment.

21 Productivity is measured as real GDP per hour worked. The data was taken from Statistisches
Bundesamt Wiesbaden (2007b). A sophisticated analyses of changes in trend productivity growth
by Skoczylas and Tissot (2005) finds a negative break for Germany in 1979 of -2.75%
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Figure 10: Unemployment in the Baseline and with a high Output
Gap Coefficient
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Figure 11: Output Gap Weight=5: Inflation
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The lower increase in unemployment comes at the cost of a considerably stronger
short run inflation surge. While in the baseline simulation, inflation peaks a (quar-
terly) rate of 3.3%, it now increases as high as 4.9% in the first quarter, as can be
obtained from figure 11, while the annual inflation rate over the first year amounts to
15%. Note however that the increase in inflation is only temporary. After 10 quarters,
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it has already decreased to 0.42%. Thus the stronger acceleration in inflation is a
short run phenomenon. The gain in employment is of more persistent nature.

As mentioned above, Ball (1999) finds that during the recessions of the early 1980s,
countries whose central banks aggressively lowered interest rates experienced smaller
increases in the NAIRU than those which did not. Ball calculates the difference
between the NAIRU in the year before the recession and five years after. He defines a
recession as one year with GDP growth below 1%. He regresses this on the maximum
reduction of the ex-post real interest rate during any time of the recessions first year,
which he refers to as maximum easing.?? The coefficient on maximum easing is -0.42
and is significant at the 10% level.?*> We try to replicate this relationship with our
New Growth model by varying the output gap coefficient between 0 and 4, leaving
everything else the same, thus obtaining data on maximum easing and the five year
change in the NAIRU. Our resulting coefficient on maximum easing is negative as
well and varies between -0.24 and -1.16. This is for the most part consistent with
Balls estimate.

6 Cross Country Aspects

The previous section shows that our New Keynesian model with endogenous growth
is able to produce a persistent increase in unemployment as a consequence of a dis-
inflation. This is an important result because economists have been struggling to
explain the evolution of unemployment in continental Europe over time. This begs
the question whether we can also use the model to replicate differences in unemploy-
ment evolutions across countries. We address this issue in three different ways in this
section. For that purpose, we will draw on the differences in the size of the disinflation
across the OECD, in (estimates of) the policy reaction function coefficients between
the Bundesbank and the Federal Reserve and in real wage rigidity.

We noted earlier that there is a negative correlation between the change in infla-
tion and the change in the NATRU. Ball (1996) investigated this for the 1980s and
we plotted it over two decades and across 21 OECD countries in figure 2. There
are various possible reasons why countries might have differently sized disinflations.
Economies might differ in the way they respond to global supply shocks, perhaps
due to differences in energy intensity of production. Their past record of monetary
policy might differ as well, (in the sense that some central banks have let inflation
spiral more out of bounds than others, leading to larger deviations of inflation from
target), as might choices of how much to disinflate (a central bank might just be
willing to accept a higher inflation rate following a supply shock). Finally, exchange
rate volatility might differ as well. Incorporating these various sources of inflation
volatility into our model would be far beyond the scope of this paper. However, we

22Ball controls for the duration of unemployment benefits.
23See Ball (1999), p. 207.

35



do try to mimic their inflationary impact by varying the size of the cost push shock.

We vary the size of the cost push shock from 0.01 to 0.05, leaving all other pa-
rameters unchanged. Then we calculate the change from year 1 to year 10 of the
inflation rate during those years and the NAIRU in the first quarter of those years,
and plot the later against the former in figure 12.24 There is a clear negative corre-
lation. The slope of the line varies between -0.41 and -0.56, which not too far away
from the simple regression coefficient of -0.33 (or -0.36 if, like Ball (1996) we exclude
Greece) resulting from a regression of the change in the NAIRU on the change in
inflation using the OECD data presented earlier.

Figure 12: Change in Inflation vs. Change in the NAIRU over 10
Years
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Let us now take a look at the effect of observable differences in the monetary policy
rule. To get a proper idea of the effects of these it is obviously important to have
comparable estimates. Therefore we make use of the fact that Clarida et al. (1998)
estimated the same policy rule using the same methodology for several countries,
including Germany and the United States. We would have liked to draw on real time
estimates as in the previous section but to our knowledge, internationally comparable
estimates of this kind do not exist. The coefficient estimates of Clarida et al. of (48)
for the Federal Reserve are reproduced in table 3.

We now repeat the same experiment we conducted in the last section for both the
estimates for the Bundesbank reaction function and the coefficients of the Federal

24We take the difference of the first quarter of both years since the NAIRU moves up very fast
during the first four quarters. Differencing the annual averages of the two years would create a
misleading impression of the correlation between the medium run change in the NAIRU (by unduly
reducing this change) and the change in inflation. The quarterly movements of the NAIRU in the
OECD data are very slow and redoing figure one with the difference in the NAIRU between 1980
quarterl 1990 quarter 1 rather than with the differences in the annual averages as is the case now
would not change the result.
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Reserve. The first two lines of Table 8 show the deviation of unemployment from
is steady state for both set of coefficients. Note first that the persistent increase in
unemployment with the policy rule as specified and estimated by Clarida Gali, and
Gertler for the Bundesbank is substantially higher than the increase we saw with the
policy rule used in the Baseline. This illustrates that, in terms of the unemployment
effects which are the subject of this paper, we were quite conservative in specifying and
calibrating our Baseline policy rule. Apart from that, unemployment is persistently
higher under the Bundesbank rule than under the Federal Reserve one, though the
difference is for the most part less than one percentage point. For instance after 10
years, unemployment and the NAIRU are about 0.5 percentage points higher under
the Bundesbank Rule than under the Federal Reserve rule.

It is, however, informative to take a look at the standard errors associated with
Clarida, Gali and Gertlers (CGGs) estimate. For instance, the standard error asso-
ciated with the coefficient on the lagged interest rate p has as standard error of 0.03.
Thus a value for p of 0.06 is still consistent (at a 5% level of confidence) with the CGG
estimate. The third row of table 9 shows the implied evolution of unemployment if
we set p = 0.91. The resulting unemployment trajectory is substantially lower than
before. After 40 quarters, the unemployment and the NAIRU are now 1.1 percentage
points lower than under the Bundesbank rule, while after 50 quarters, the difference
is still 1 percentage point. In the same manner, we can also make use of the standard
error of the estimate of ¢)y-, which equals 0.16. Increasing 1)y to 0.88 yields the em-
ployment trajectory shown in the final row of table 8, which is again lower than with
the point estimate. After 40 quarters, unemployment is and the NAIRU are about
1.1 percentage points lower than under the Bundesbank policy rule. Thus in the New
Growth model, differences in policy function parameters consistent with the CGG
evidence can contribute to explaining the different evolutions of the unemployment
rate in Germany as compared to the United States.

Accordingly, differences in monetary policy also explain differences in the change
in the productivity growth rate between Germany and United States from the 1970s
to the 1980s. As noted above, average US productivity growth declined by only about
0.18% from the 1970s to the 1980s, whereas the decline in Germany was about 1.4%.
Table 9 displays the difference between average annualised productivity growth during
the first decade after the shock and the decade before the shock.?’ Thus within the
New Growth model, differences in monetary policy would account for between 0.24
and 0.6 percentage points of the difference in productivity growth.

25 As above we assume that during the decade before the shock hits, the average productivity
growth rate equalled its steady state.
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Table 8: Results for CGG Policy Rules
Unemployment Deviation from the Steady State, percentage Points

Quarter 10 |20 |30 [ 40 | 50 [60 | 70 | 80
Bundesbank 381381312521 |17|14]1.1
Federal Reserve 291311252 1.71 1311109

Federal Reserve, p = 0.91 2112117114 (11(090.7|0.6
Federal Reserve, 1y, =088 [ 24 252 |16 |13]11]09]0.7

Table 9: Results for CGG Policy Rules
Change in ten Year Average
productivity Growth, percentage Points
Bundesbank -1.28%
Federal Reserve -1.04%
Federal Reserve, p = 0.91 | -0.68%
Federal Reserve, ¢y, = 0.88 | -0.88%

Finally, we explore the effects of the observed cross continental differences in the

nature of real wage rigidity. Estimating (44) on U.S. data confirms the finding of

other researchers that ¢ = 0, while the U.S. estimate of b is not significantly different
from the value we employed so far (0.08). Therefore, in our final experiment aimed at
highlighting cross country dimensions, we set ¢ = 0 in the Baseline calibration, leaving
everything else as in the Baseline. The resulting deviation of unemployment from its
steady state can be obtained from table 11. Clearly, the increase in unemployment
is persistently lower. After 40 quarters, unemployment is only 0.6 percentage points
higher than in the steady state, compared to 1.7 percentage points in the Baseline.

Average annualised productivity growth is only 0.36% lower than in the previous

decade as opposed to 0.96% in the baseline calibration.

Within our model, c=0 would arise if there is no direct effect of productivity on
effort and if benefits are not linked productivity. We suggested above that these
results might be rooted in stronger unions and perhaps a stronger link between un-
employment benefits and productivity in Europe. Blanchard and Wolfers (2000) find
that the impact of macroeconomic shocks on unemployment is affected by the labour
market structure. They find that both unobservable macroeconomic shocks (captured
by a time effect) as well as a one percentage point reduction in total factor productiv-
ity growth increase unemployment by more the higher is union density. This result is
confirmed by Fitoussi et al. (2000). In that sense, our model provides some theoret-
ical to the notion that both "shocks and institutions" (Blanchard and Wolfers) are
crucial to explaining the cross country evidence on the evolution of unemployment.

Table 10: ¢ = 0 - Percentage point Deviation of Unemployment from
its Steady State for selected Quarters

10 120 |30 |40 |50 |60 |70 | 80
09111090706 |05|04)0.3
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7 Conclusion

This paper applies a New Keynesian with unemployment and endogenous growth
to explain the persistent increase in continental European unemployment and the
lack thereof in the United States. We calibrate key parameters like the coefficients
in the wage setting equation and the interest feedback rule of the central bank to
Western German data. The model economy is hit with a one quarter cost-push shock
calibrated to induce a disinflation of an order of magnitude seen at the beginning of
the 1980s in many industrialised OECD economies. We perform the same experiment
on a model without endogenous growth: The JLN economy.

Under the baseline calibration, unemployment will still be about 1.8 percentage
points above its pre-shock value after about 10 years. As can be observed with con-
tinental European unemployment rates, unemployment increases quickly but reverts
only very slowly. At the same time, inflation stops declining soon after the cost push
shock has vanished, implying that the NAIRU has increased. Unsurprisingly, no such
effect is seen in the JLN economy, where unemployment is back to its steady state
after about two years.

The increase in the NAIRU in the New Growth economy is brought about by the
decline in investment during the recession required to disinflate the economy. In the
New Growth economy, for a given employment level, capital stock growth determines
labour productivity growth. Hence the real wage-capital ratio is the main driver
of marginal costs. Thus, although wage growth declines as employment contracts,
marginal cost returns back to its steady state level soon after the shock has vanished
because capital stock growth for while declines even more. This stops the disinflation.
The subsequent recovery is very slow because the central bank has no reason to lower
interest rates. Its reaction function dictates that it reacts solely to inflation, being
close to target, and the output gap, defined as the deviation of output from the level
consistent with constant inflation, which is zero.

The model thus also contributes, to explaining the productivity slowdown ob-
served across advanced OECD economies, and why negative shocks to productivity
growth are frequently significant variables in regression of unemployment on this
variable and others.

Finally, apart from generating a persistent increase in unemployment, the model
also contributes to explaining cross country differences in unemployment. Varying the
size of the cost push shock generates a relationship between the change in the inflation
rate and the change in the NAIRU over a ten year horizon similar to a relationship
in the data first observed by Ball (1996). Using comparable policy rule estimates
of Clarida, Gali and Gertler (1998) for the Bundesbank and the Federal Reserves
while holding the cost-push shock constant creates higher persistent unemployment
with the later than with the former. Finally, taking account of a well established
cross-continental difference in the structure of the wage setting function, namely the
absence of a labour share term, also proves informative. In the absence of the labour
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share term, we see a lower increase in the NAIRU. The size of the labour share term
in wage setting can be linked, if coarsely so, to features of the labour market like
union density or the benefit system. Thus the paper lends support to the view that,
as suggested by Blanchard and Wolfers (2000), it is both "shocks and institutions"
which are at the heart of explaining the evolution of unemployment across time and
the differences across countries.

8 Appendix A: Normalised Version of the New
Growth Model

As we are dealing with two growth models, we have to stationarise all variables which
would otherwise be trended in order to be able to solve the model. This appendix
applies this normalisation to the New Growth model. The resulting equations are

those which have been solved and simulated. We define %, % %, % and -
t t t t t
as Dy, Hab;_1, F;, R; and H,, while the gross capital stock growth rate Keon g

Ky
defined as gy, ;.

We directly apply the normalisation to the equations of the aggregate demand
block:

Ft = Dt + Rt + g(ﬂ't — 7Tt_1)2 (F’t — ths) + ths (49)
Consumption (remember hab;_1 = jCy_1, thus Hab,_1 = j 3:;;
1/(Dy — Haby—1) = BE [(1+14)/ (14 m41) (Den — Haby) (1+ gf41))] (50)
D
Hab, = j——— (51)
I+ g/,
Investment:

1 1
E rk o+ 1-0)) | = =—————q52
BE; ((Dt—i-l _ Habt) (1 _i_gtfil) ( t4+1 Qt+1( ))) D, — Habt_lqt( )
1 Kk ( Ry & 2 Ry Ry k
_ 1—— 1 —(1 — 1 —(1 53
Dt - Habt—cht [( 2 (Rt—l ( +gt) ( +g)) ) Rt_lli (Rt—l ( +gt) ( +g) ( )
1 Ry e V) [ Ben " 1
B | ——— (1 1 —(1 . S—
+BE; Doy — Hatht+1 < R ( +9t+1)) K R, ( +9t+1) (1+9) D, — Hab,_,

From (39) we have

gf+1=—5+Rt(1—g(R]i1 (1+gf)—(1+9))) (54)
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The rental on capital becomes:

rf = amc, (Fy — Hin®) (55)

«

T—a
Substituting (55) into (17) and multiplying by Kfli yields
K1
F, — Hn®)T= H,
me; = (£ tX ) ! (56)
where X = Aﬁ(l — Q).
The wage setting funciton Inw; = Inw;_1 +a+b(n; — 1)+ clog <%)

. . . o = We—1
can be rewritten as (using equation (16)) In H, = a +b(n;, — ) + In <—Kt1(1+gf)) +

clog((1—a)mei—q) =a+b(ny —7) +1n ((i;g)) + clog ((1 — ) mey_1)

Hyy

H; =exp(a+b(n; — ﬁ))m

(1= a)mee)* (57)
Employment: from OQutput; = AK((ny — 7 — n®) ¢,) ™% + wyn®, we have
Fy = A((ny =7 = n%) 1)~ + Hn® (58)

The Phillips Curve and the Policy rule do not contain any trended variables and
therefore does not need to be normalised. However, we will substitute the real profits
. . o . '(Cyy1—Hab Cy—Hab;—
stOf:hast.lc discount factor by its definition, i.e. p,; ; = 5~ i,&ibtj)t) =0z +1_(;[tab1a
which gives

P Pt—1><Pt ) SO(Pt ) Pt—lg
1—0)+0me;, — —u | — —u | +0= —up | —
( ) LTy ((Pt—l t) Py P ! 2 ( P ! Pt—2)

(59)
D, — Hab,_y Fiq Py P, Py
E — — =0 60
o F, o |:Dt+1 — Hab, P, P,y ut P, ( )
Replacing % =1+ my, gives

(1—60)+60me;, — o ((mp —wg) —m1) (T + 7 —wy) + Qg((m — ) —m_1)?  (61)

Dy — Habt_lngt [ Fia

+/6 Ft Dt+1 — Habt

(Ris — (1 — ) (1 + mn} —0 (62
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For natural output, natural employment and the natural real wage from equation

plo= = (63)
Fy = Al(ny =1 —n")¢y)' " +n°Hy

H; c
H' = exp(a+b(n —ﬁ))m((l — @) me-1) (64)

given last periods wage/ capital ratio H;_; and this periods capital stock growth
rate g (which was also determined in the t-1 by the then investment decision). The
output gap gp; is then calculated as

(65)

Output, — Output} [ K, F, — FV
apy = =

Output} K, El

9 Appendix B: Steady State Relations

This Appendix shows how to calculate the steady state values for the system devel-
oped in Appendix B. We will first derive a steady state relation between the level of
employment and the steady state growth rate for the New Growth Economy.

First apply the fact that in the steady state, g/ = ¢ to (53) which yields ¢ = 1.
We then apply this to (52) which yields

B(rta+(1=20)) =(1+g) (66)

In the New Growth economy, we now replace the capital rental with equation (55)
and, after using (58) and noting that in the steady state we have mc = !, arrive at

g=[B[A=0)+ap A(ln -1 —n")¢,)" ]| — 1 (67)

This is the steady state growth rate which is borne out by the marginal product
of capital in the endogenous growth economy. It is easily verified that it is increasing
and concave in employment. It is straightforward to show that in the steady state,
the real wage implied by the desired mark-up grows at the same rate as output and
the capital stock by using mc; = p~! and rF = r* on (31). This yields

71A all] — 1—a\ /(1-a)

W:m@( )

Hence in the steady state, the real wage has to grow at the same rate as the capital
stock. This means that equation (68) actually the dynamic, endogenous growth
version of the familiar macroeconomic textbook price setting function: It gives the
real wage growth rate compatible with marginal costs remaining constant and at it’s
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long run level. Unlike the textbook price setting function, this real wage growth rate
is not constant but increases in employment: A higher steady state employment level
implies a higher marginal product of capital, which triggers higher investment and
thus faster capital stock- and thus productivity growth. Accordingly, the steady state
levels of employment an the growth rate are determined by the intersection of (67)
with the wage setting function (20), (making again use of the fact that mc = p~! in
the steady state).

In practice, we choose a desired steady state employment rate (here 0.96) and
then compute the wage setting function intercept a to support this value, given g, b
and « and 7.

Having determined ¢ and n, the determination of the steady state values of

Fy, Dy, Ry, Hy, rF and i; is now straightforward. For F' we have
F=A((n—m—n)¢) (69)

from the production function. For R;, we have from the capital accumulation equation
in (54)

R=g+¢ (70)
D can then be determined as a residual via
D=F—-R (71)
H is computed using the cost-minimisation first order condition for labour (16)
F
H=(1- B 72
(- — (72
r* is computed via
= A =T ) 6y) (73)
The steady state value of i; is computed from (50)
. 1+g
1=—-1 74
3 (74)

Note that this is also the intercept of the interest rate rule 7 of the central bank.

10 Appendix C: Normalised Version of the JLN
Economy

Most of the equations from Appendix B just carry over to the JLN economy. However,

there are a few changes related to the production function and the marginal cost equa-

tion. The aggregate production function is now Output, = AK® (TFPy¢, (ny — 7 — )" “+
wyn®. Dividing both sides by K; gives

Fy= (L (ng — 7 —n%))" + Hn® (75)
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where [; is defined as %ft. This variable evolves according to
_ 14grrp

l; = l;_
t 1+gtK t—1 (76)

In the JLN model, it convenient to normalise the real wage with respect to T'F' P,
rather than with respect to K;, while all the remaining normalisations carry over to
the JLN model. Denoting —=t- as H;", we have from (42), after making use of (40)

TFP;
(a/(1=a)) rync
mec= s (1 —Pﬁv) b, o
Concerning the capital rental, we employ the JLN expression for F} to have
= ame, AL (ng — 71— n®) ¢y) ™ (78)
The normalised wage setting equation becomes
H =exp(a+b(n; — ﬁ))i (1 —a)mei4)” (79)
(1+grrp)

All the remaining equations are just the same as in the New Growth version. The
computation of the steady state values in the neoclassical model is slightly different.
The steady state growth rate (of output, consumption, the capital stock, the real
wage) is now given by the parameter grpp rather than being endogenously deter-
mined, which means we have ¢ = grrpp. Hence we can compute the steady state real
interest rate from 74, while we compute 7* from (66). From (79), we have the steady
state employment rate. Setting mc; = p~'in (78) then gives the steady state value

for I, as
1/(1—«
_ 1 i /(1—a) (50)
(ng—m—n*) ¢, \aA

which allows us to compute F' from (75). Rearranging (77) then yields H".

11 Appendix E: Estimation of the Wage Setting
Function

We estimate the real wage growth function using German data ranging from 1970Q1
to 2000Q4. Our dataset includes Western German data up to 1991Q4 and fol-
lowing that data for the unified country. All data is taken from a publication
of the German "Statistisches Bundesamt", all of which has been seasonally ad-
justed.? When estimating the function, we replace the employment rate with one

26Gee Statistisches Bundesamt (2006) and Statistisches Bundesamt (2007a).
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minus the unemployment rate. As a measure for labour costs, we use the "Arbeit-
nehmerentgeld" per hour worked, which is employee compensation including the
full tax wedge. This is deflated using the GDP price index. The labour share is
given by total nominal compensation (i.e. total "Arbeitnehmerentgeld") divided
by total nominal GDP. Denoting the unemploymentrate as U, we then estimate
Alogw; = a + b Uy + clog (LS;_1) + d92Q1, where LS, ; denotes the previous
periods labour share in GDP, d92Q)1 denotes an intercept dummy equalling one in
1992Q1 and zero everywhere else. The later is to account for reunification. We use
two stage least squares to account for the possible endogeneity of employment. As
instruments, we choose A log real wage;_1, unemploymentrate;_; (following Danthine
and Kurman (2004)), ¢ and d92Q1.*

Note that we use Newey-West Standard Errors serial correlation consistent stan-
dard errors because the Breusch-Godfrey LM test for serial correlation rejects the
hypotheses of no serial correlation at the 5% level. The result is reported in table E1,
where WG denotes the change in log real wages and U denotes the unemployment
rate.

27See Danthine/ Kurman (2004), p. 121.
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Table E1

Dependent Variable: WG

Method: Two-Stage Least Squares

Date: 06/03/08 Time: 12:27

Sample (adjusted): 1970Q3 2000Q4

Included observations: 122 after adjustments

Newey-West HAC Standard Errors & Covariance (lag truncation=4)
Instrument list: WG(-1) C U(-1) LOG(LS(-2)) D92Q1

Variable Coeflicient Std. Error t-Statistic Prob.

C -0.042273 0.018893 -2.237531 0.0271

U -0.120587 0.046582 -2.588689 0.0108
LOG(LS(-1)) -0.089599 0.032530 -2.754342 0.0068

D92Q1 -0.112300 0.002188  -51.33630 0.0000
R-squared 0.574362 Mean dependent var 0.005890
Adjusted R-squared 0.563541 S.D. dependent var 0.014077
S.E. of regression 0.009300 Sum squared resid 0.010205
F-statistic 52.46032 Durbin-Watson stat 2.535359
Prob(F-statistic) 0.000000

Note that our calibrated value of b is lower than the point estimate of 0.12. How-
ever, it is not statistically different from 0.12 with any reasonable level of confidence,
in fact it is less than one standard deviation away from the point estimate. The rea-
son for this choice is that while it is possible to preserve the results of this paper in
face of higher wage flexibility, this calibration has certain undesirable features. If we
aim to achieve a steady growth rate of GDP in the order of magnitude of a reasonable
order of magnitude (and one that makes lifetime utility converge), we would have to
choose either relatively high depreciation rates or a lower individual discount factor
B, the later implying a very high steady state risk less rate. We think that these
considerations justify the choice of a value smaller than the point estimate.

The reason why the coefficient of the labour share c also falls short of the calibrated
coefficient, though the distance is again less than one standard deviation. This is due
to the fact that we have experimented with different computations of the labour
share in GDP. The alternative computation was based on real values of GDP and
employee compensation. The later computations methods generated a value of -0.12
than the -0.1 we use in the simulations. It is not a priori clear which measure is more
appropriate. In fact to is common to interpret the labour share term as real wages
divided by productivity (i.e. real GDP /hour or real GDP/ employee) and enter these
variables separately.?® Furthermore, a reduction of ¢ by 0.01 has only small effects on

28 Cahuc and Zylberberg (2004), p. 486 and OECD (1997), p. 21.
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our simulation results.

For the United States, we estimate the wage setting equation using the BLS series
on real hourly compensation, BLS series PRS85006153, to calculate Alogwy, the
seasonally adjusted unemployment rate, series LNS14000000Q, nominal GDP from
the BEA NIPA table 1.1.5 and total nominal employee compensation from the BEA
NIPA table 2.1. In order to get a significant coefficient on the unemployment rate, we
were forced to include five years more than in our estimate for Germany. The result
can be obtained from Table E2. As expected, the LS is not significant. Re estimating
the equation after dropping log (LS;_1) leads to an almost unchanged estimate of the
coefficient on the unemployment rate. Note that the coefficient on the unemployment
rate in Germany is not statistically different from the coefficient estimated for the
U.S. at any reasonable level of confidence.
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Table E2

Dependent Variable: WG

Method: Least Squares

Date: 06/03/08 Time: 16:03

Sample: 1965Q1 2000Q4

Included observations: 144

Newey-West HAC Standard Errors & Covariance (lag truncation=4)

Variable Coefficient Std. Error t-Statistic Prob.

C 0.005364 0.033562 0.159838 0.8732

U -0.066995 0.033021 -2.028888 0.0444

LS 0.003206 0.059322 0.054043 0.9570

R-squared 0.030102 Mean dependent var 0.003202
Adjusted R-squared 0.016345 S.D. dependent var 0.006138
S.E. of regression 0.006088 Akaike info criterion -7.344412
Sum squared resid 0.005226 Schwarz criterion -7.282541
Log likelihood 031.7977 F-statistic 2.188064
Durbin-Watson stat 1.642216 Prob(F-statistic) 0.115927
Table 3

Dependent Variable: WG
Method: Two-Stage Least Squares
Date: 06/03/08 Time: 13:15
Sample: 1965Q1 2000Q4

Included observations: 144
Instrument list: WG(-1) C U(-1)

Variable Coeflicient Std. Error t-Statistic Prob.

U -0.067605 0.032425 -2.084951 0.0389

C 0.007253 0.002008 3.612856 0.0004

R-squared 0.030069 Mean dependent var 0.003202
Adjusted R-squared 0.023238 S.D. dependent var 0.006138
S.E. of regression 0.006067 Sum squared resid 0.005226
F-statistic 4.347020 Durbin-Watson stat 1.643279
Prob(F-statistic) 0.038864
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12 Appendix F: Construction of the Dataset used

in the Moment Comparison

This appendix explains the construction of the dataset for F;, D;, R; and H;. The
German federal statistical office ("Statistisches Bundesamt") supplies annual data
for the capital stock in constant prices of the year 2000.2° Thus we had to construct
quarterly observations for the capital stock. We decided on the following method.
We first calculated the annual change. Than we allocated the total changed to the
four quarters according to the share these quarters had in real gross fixed investment.
This gave as a beginning of quarter value for the capital stock.

Our data on real output, consumption and investment expenditure was preferably
also to be in prices of 2000. However, the Statistisches Bundesamt only supplies
chained indices for these variables.*® We therefore used nominal GDP, consumption
and investment 2000 to recursively calculate our series in absolute numbers. As the
indices for post and pre reunification years have different bases, we used the ratio
of unified Germany to Western Germany from 1991 to downscale the index for each
variable.

Furthermore, as the total labour force in our model is normalised to one, Output,
consumption and investment are essentially expressed in per capita terms in our
model, as is the capital stock. Hence case of F;, D; and R;, the number of inhabitants
cancels out and we can divide real GDP by our capital stock measure, and accordingly
for D, and R,. By contrast, H; is computed by multiplying the real wage as measured
in the previous section times the average number of hours worked across the sample.
We tried a linear trend for hours worked instead but this would have turned our
measure of H; non-stationary.

The null of stationarity is rejected at the 5% level for D; and F; using the KPSS
test. After removing the years 70 to 73, we are not rejecting the null of stationarity
anymore at the 10% level for these variables. For H;, the null of stationarity is not
rejected at the 5% level for the full sample.For R;, the unit root can be rejected over
the entire sample at the 5% level using an ADF test, as is the case for ¢g; and the
savings rate. The same holds for the nominal interest rate, and so we do not detrend
this variable either. We do detrend the inflation rate, because the null of stationarity
is rejected for this variable using a KPSS test.
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