Christian R. Proano

IAL RESEARC

Gradual Wage-Price Adjustments, Labor
Market Frictions and Monetary Policy Rules

FOR SOC(

.5

October 2011

Working Paper 12/2011

Department of Economics

The New School for Social Research

The views expressed herein are those of the ag)ramfl do not necessarily reflect the views ofNbe/
School for Social Research. © 2011 by ChristiaP®afio. All rights reserved. Short sections of teal be
quoted without explicit permission provided that fwedit is given to the source.




Gradual Wage-Price Adjustments, Labor Market Frictions and

Monetary Policy Rules

Christian R. Proano*
The New School for Social Research, NY.

Oct. 12, 2011

Abstract

In this paper the role of different types of labor market frictions in the dynamics
of output and inflation is investigated. For this purpose, the Keynes-Goodwin model
discussed in Chen, Chiarella, Flaschel and Semmler (2006) and Franke, Flaschel and
Proafio (2006) is extended by a labor search and matching module along the lines
of Mortensen and Pissarides (1994). After estimating the resulting model with U.S.
aggregate time series and comparing its dynamics with those of a VAR model, the per-
formance of different types of monetary policy rules for inflation, and more generally,
for macroeconomic stability is analyzed.

Keywords: Labor market frictions, wage and price inflation, (D)AS-AD, monetary
policy

JEL CLASSIFICATION SYSTEM: E31, E52

*E-mail: christian.proano@gmail.com. I would like to thank Peter Flaschel, Ulrich Fritsche, Heike
Joebges and Jens Rubart, the IMK research team as well as the participants at the 11th ZEI Summer
School on Monetary Theory and Policy and the 2007 German Economic Association Conference, as well as
two anonymous referees for valuable comments and suggestions. This is a greatly modified and improved
version of a previous version which appeared as IMK Working Paper (09/2007.



1 Introduction

It is widely acknowledged that in the real world labor markets are characterized by a
variety of frictions such as the asymmetric or incomplete information about the quality
of the market participants, the existence of geographical and skill mismatches, as well as
of labor searching and trading costs. As pointed out by Pissarides (2000, p.3), trading in
labor markets is likely to be — to a greater extent than in other markets — “uncoordinated,
time-consuming, and costly for both firms and workers”, itself likely to depend on the
actual market conditions such as the relative size of unemployed workers and vacancies.

In the New Keynesian models developed in the last two decades, however, the existence
of nominal rigidities was considered as the primary source of welfare losses. In those early
frameworks these nominal frictions were commonly specified by means of a staggered price
(and lately also a wage) setting mechanism e.g. a la Calvo (1983), whereafter only a
fraction of firms (and concerning wages, households) could reset their goods prices to the
monopolistically optimal level in every period, see e.g. Blanchard and Kiyotaki (1987),
Roberts (1995), Goodfriend and King (1997), and more recently Erceg, Henderson and
Levin (2000). The labor search and matching process was however still assumed to function
in a frictionless manner, so that firms and workers always (and costlessly) were able to find
proper counterparts, what in turn ruled out the existence of Non-Walrasian labor market
equilibrium situations — where involuntary unemployment and open vacancies might exist
in equilibrium due to external factors.

This important shortcoming of the early New Keynesian literature was recently ad-
dressed by Walsh (2003, 2005), Christoffel, Kuester and Linzert (2009), Gertler and Trigari
(2009) and Trigari (2009), among others, through the incorporation of real labor market
frictions into New Keynesian DSGE models with nominal rigidities using the search and
matching approach developed by Mortensen and Pissarides (1994) and Pissarides (2000).
However, while this new modeling direction seems to add a significant touch of empirical
relevance to the DSGE theoretical construct, it does not remedy the lack of realism of its
main building block: The representative agent type of microfoundations — which makes
central issues of capitalist economics such as the income distribution conflict irrelevant (see
e.g. Flaschel (2009, ch.1)) —, and the rational expectations assumption — which knowingly
leads to “dynamic inconsistencies” between the predicted model dynamics and the observed
empirical stylized facts, as pointed out by Mankiw (2001), Estrella and Fuhrer (2002), and
Rudd and Whelan (2005), among others.

In the alternative approach discussed e.g. in Chiarella and Flaschel (1996) and Chiarella,



Flaschel and Franke (2005), in contrast, the dynamics of the economy are not the equilib-
rium outcome of an intertemporal utility and profit maximization problem of a representa-
tive agent with “mathematically rational” expectations. Instead, they are explained by the
gradual adjustments of nominal and real variables to disequilibrium situations in the goods
and labor markets, and thus by the implicit assumption of heterogeneous and boundedly
rational agents which in their aggregate give rise to such rather smooth processes.

The main aim of this paper is to incorporate the main elements of labor search theory
used in recent New Keynesian models into this disequilibrium approach to macroeconomic
dynamics in order to analyze, among other things, the conduction of monetary policy in
such an environment. For this purpose, the (Disequilibrium) Keynes-Goodwin model dis-
cussed in Chen et al. (2006) and Franke, Flaschel and Proano (2006) where the dynamics
of the goods and the labor markets were linked by a dynamic version of Okun’s (1970) law
— is extended by the incorporation of a labor search and matching module along the lines
of Mortensen and Pissarides (1994) and Pissarides (2000).

The remainder of this paper can be summarized as follows. In section 2 the theoretical
framework is discussed. In section 3 the empirical plausibility of the resulting model
is investigated first by estimating it using aggregate U.S. time series data, and then by
comparing the model dynamic adjustments with the ones of an unrestricted VAR model of
the U.S. economy. A closer look on the role of labor market frictions for the transmission of
monetary policy shocks is taken in section 4, where the performance of alternative monetary
policy rules is also investigated. Finally, section 5 draws some concluding remarks from
this study.

2 The Model

2.1 The Goods and Labor Markets

The dynamics of the goods markets in this theoretical model are assumed to be of a
“Keynesian” type, with aggregate demand driving the level of output (Y,” = Y;) and the
employment level (as well as the labor productivity) being determined accordingly in a
second step.

In order to keep the model as simple as possible, let us assume a linear single input
factor technology by which output is produced according to

Y = 2Ny, (1)



where N; denotes the actual (realized) level of employment and z; represents the average
labor productivity level.

Analogously, the full employment output level Y;f is assumed to be determined by
v/ =L (2)
where L, is total labor supply in the economy and z; is the trend labor productivity level.

As it is standard in the literature, see e.g. Rudebusch and Svensson (1999) the output
gap yr = In(Y;?/ th ) (a measure of the excess aggregate demand in the economy) is assumed
to be determined by

Y = QY1 — O (te—1 — Pr — (1% — 7)) — aryp In(vp—q /0°) (3)

where y,_1 represents the output gap in the previous period, :° denotes the steady state
nominal interest rate, p; the price inflation rate at date ¢, and 7° the steady state inflation
rate.! Additional to these standard terms In(v;/v°), the log deviation of the actual labor
share v; from its steady state level v° is also included in the above equation to explicitly
incorporate the role of functional income distribution for the dynamics of the output gap.?
According to eq.(3) aggregate demand is thus assumed to depend (i) positively (with
0 < ay < 1) on aggregate income, (ii) negatively on the real interest rate, and (iii)
negatively on the labor share.

Let us now assume that the level of output produced by firms — and therefore their
labor demand — is determined solely by the level of aggregate demand Y,” =Y, and that
firms, confronted with it, set their labor demand (analogously to eq.(1)) according to

LY =Y/ (4)
where however not z; (which is still to be determined and thus still not observable for firms
at the beginning of period t) but 2", the trend labor productivity, is used.

Due to the existence of labor market frictions, however, the actual level of employment
Ny is not necessarily consistent with the labor demand by firms LP, so that LY = IV,

!Throughout this paper, the growth rate of a variable z; will be denoted as ;.

?In the heterodox macroeconomics literature, the case where economic activity depends negatively on
wage share is referred to as a “profit-led regime”, in contrast to the “wage-led” case where the economy
depends positively on the wage share, see e.g. Barbosa-Filho and Taylor (2006). On the basis of this study,
as well as of the empirical findings by Chen et al. (2006), Franke, Flaschel and Proafio (2006), Proaiio,
Flaschel, Ernst and Semmler (2006), and Proaiio (2009), aggregate demand will be assumed in this paper
to be profit-led.



does not hold in the normal case. Instead, the actual number of employed workers at t is
determined by the level of remaining jobs from the previous period and by the “matches”
occurred at the beginning of the actual period. At ¢, the number of employees is determined
by

N = (1= p)Ni—1 +m(U, Vi) (5)

where p represents an exogenous job separation rate® and m(Uy, V;) is a matching function
of a standard Cobb-Douglas type

m(Uy, Vi) = uUf V%, (6)

with p € (0,1) representing the matching technology level, Uy = L; — (1 — p) Ny the
number of unemployed, V; = LP — (1 — p)N;—; the number of vacancies at the beginning
of period t, and € € (0,1) the parameter in the Cobb-Douglas matching function.*

By defining v, = Uy/L; and v, = V;/L; as the unemployment and vacancy rates,
respectively, gathering egs. (2) and (4) to

LY /Ly =Y,/ Y = exp(ye), (7)

and normalizing the total labor supply to L; = L, we can reformulate eq.(5) in terms of
the employment rate e, = N/ L as

et = (1= p)er—1 + m(ug, vy). (8)
Using egs. (6) and (7), we can rewrite eq.(8) as

er = (1= pleri + pull = (1 = p)ec)® fexp(ye) — (1= pler—1]' 9)

This quite simple specification allows us to incorporate in the theoretical framework
discussed in Chen et al. (2006) and Franke, Flaschel and Proano (2006) the dependency

3The assumption of an exogenous job separation rate is consistent with Hall (2005) and Shimer (2005),
who find that the rise in unemployment during economic slowdowns is caused not by a higher rate of
job destruction (at least in the U.S. employed workers do not get fired more frequently than in economic
booms), but by a lower rate of job creation. While this assumption is also met by Gertler and Trigari
(2009), Trigari (2009) and Christoffel, Kuester and Linzert (2009), Campolmi and Faia (2006), in contrast,
assume that the job separation rate depends partly on the position of the economy within the business
cycle, making the separation rate of employment partly endogenous.

4In Section 4 an economic interpretation of this last parameter will be put forward.



of employment on the actual labor market situation.® As this labor market module is
formulated, the state of the market influences in a direct way the capability of firms to
serve aggregate demand: Indeed, due to the existence of labor market frictions, firms
usually do not obtain their desired level of labor demand L}, but obtain only V; instead.
Furthermore, as it will be discussed below, the magnitude of the discrepancy between L}
and Ny depends in a non-linear manner on all three labor market parameters comprised in
eq.(9), namely p, p and &.

By assuming goods market equilibrium (that is, i =i°, p = 7, v = v° and y = 0), we
can calculate from eq.(9) the steady state employment rate e

o _ H
T U uts (10
As it can be easily observed, the steady state rate of employment is determined purely
by structural factors concerning the labor markets, namely the labor separation rate p
and the matching technology g, which influence thus not only the speed and persistence
of dynamic responses of the labor markets to exogenous shocks, but also the level of the
steady state employment rate, as it can be easily confirmed:

de? —p(1 —p)

= —— - <0 and
dp (1= p)u+p?
Oe’ p

8u = m>0, Witheo—>1as,u—>1.

As shown in Figure 1 through a ceteris paribus simulation of the employment rate
equation (i.e. holding all other variables in the model constant), the larger the value of
the matching technology parameter p, the stronger is the response of the employment rate
to an exogenous labor demand shock, and the faster is the return of the employment rate
to its steady state level (which in turn also depends on the value of ). Ceteris paribus, a
low matching technology leads thus to a weak response of the actual employment to labor
demand shocks that is also more persistent — a result which is in line with other studies
featuring aggregate matching functions in the labor markets such as Walsh (2003, 2005).

®Note that our formulation of the employment rate dynamics differs significantly from traditional search
and matching labor market models, because here the vacancies are determined basically by the goods
aggregate demand pendant on the labor market (since LP°/L = Y/Y7) and not, as usual, through a
forward-looking decision process including Bellman equations and therein the cost-benefit considerations
of both workers and firms. However, as discussed later on in this paper, the present formulation of the
employment rate dynamics delivers similar dynamics as do models featuring rational forward-looking agents
and nominal as well as real rigidities such as Walsh (2005).



mu = 0.1

Time Periods

Figure 1: Employment rate response to an exogenous 1% labor demand shock in ¢ = 2 for

different values of the matching technology pu

Concerning the average labor productivity level z;, it is easy to show that its growth
rate 2y = In(z;/2z,—1) is given by

Z = 9.+ Ay — In(er/er—1), 9> =In(z} /2 ;) = const.V ¢ (11)

(with Ayt =yt — yr—1), since
2=z exp(yi)/er (12)

according to egs. (1) and (2).

For comparison, in Franke, Flaschel and Proafio (2006) the link between the goods and
the labor market dynamics was established by the following specification for the dynamics

of the employment rate based on Okun’s (1970) law:

€t = Qg1 AYt—1 + Cey2 AYr—2 + Qey3AY—3 — tey In(v4—1 /0°). (13)

In section 3 the performance between the labor search & matching (LSM) specification
given by eq.(9) and the above dynamic Okun’s Law (DOL) will be analyzed.



2.2 The Wage-Price Dynamics

As previously mentioned, in contrast to the recent DSGE macroeconometric models such
as Erceg, Henderson and Levin (2000) and Christiano, Eichenbaum and Evans (2005) —
where the dynamics of wages and prices are driven by the rational, forward-looking, profit
and utility maximizing behavior of firms and households — the theoretical approach by
Chiarella and Flaschel (1996) and Chiarella, Flaschel and Franke (2005) assumes that the
dynamics of the two variables are influenced in a direct manner by the current respective
excess demand pressures in the labor and goods markets, and that they are also likely to
be influence each other in a cross-over manner.

More specifically, the main driving forces of wage inflation in this alternative approach
are the deviation of the actual employment rate from its NAIRU equivalent e, and the log
deviation of the wage share from its steady state level v°. The negative influence of the
wage share in this Wage Phillips Curve (WPC) can be interpreted as arising from a wage
bargaining process where the parties involved also have an eye on the general distribution
of total income. At relatively low values of the wage share, workers seek in the wage
bargaining process to catch up to what is considered a normal, or “fair”, level. By the same
token, workers are somewhat restrained in their wage claims if v is currently above normal.
Another theoretical (and perhaps more fashionable) underpinning could be borrowed from
Blanchard and Katz (1999). They specify a wage curve argument in which the tighter the
labor market, the higher the level of the real wage, given the workers’ reservation wage.
The wage share enters this scenario in a logarithmic form by assuming that the reservation

wage depends on labor productivity and lagged wages.5

The structural wage Phillips curve is thus given by

Wy = fw(e’ v) + [Kwpﬁt + (1 - ’{wp)ﬂ-g =+ szé’:t]u (14)
fw(67 ’U) = Bwe(et—l - 60) — Bwq) ln(’l)t_l/UO)

where 7§ represents the inflationary climate in the economy (to be described in detail
below) and the term k.2 provides an additional benchmark in the sense that wages in-
crease proportionally with productivity and current (and expected) prices. The functional
expression f,, summarizes the two driving variables, employment and the wage share. As
already mentioned, e° is assumed to be an exogenously given “natural” rate of employment,
the counterpart of the usual NAIRU specification.

SA detailed translation of this approach into eq.(14) is given in Chiarella, Flaschel and Franke (2005,
pp-170fF).



With respect to the price Phillips curve (PPC), besides the output gap as the main
driving variable, again the wage share takes effect in this relationship, in a positive manner
though. Cost push terms are contemporaneous wage inflation and the inflation climate,
whereas productivity growth affects price inflation in a negative manner.

The price Phillips curve is thus formulated as

ﬁt - fp(yvv) + K'pw(wt - ét) + (1 - K’pw)ﬂ—f' (15)
oy, v) = Bpyyi—1 + Bpo In(vr—1/0°).

The positive influence of the wage share in the equation can be explained by a target
markup rate + that firms may wish to realize.” Besides the other arguments in eq.(15),
firms raise prices if labor costs are currently so high that pY < (1 + v)wN, which is
equivalent to (1 +y)wN/pY —1= (1 +~)v —1 > 0. The wage share deviations specified
in eq.(15) are thus obtained if 1 + v = 1/v°, i.e. if the target markup is consistent with
equilibrium income distribution.

As already mentioned, the excess demand pressure terms e — ¢ and y and the wage
share terms in the wage and price Phillips Curves are additionally augmented by a weighted
average of respective contemporaneous cross rates of inflation (which reflect the idea of
myopic perfect foresight in the nominal variables), and a backward looking measure of the
prevailing inertial inflation in the economy (the “inflationary climate”, so to say) symbolized
by 7€, as well as by the actual labor productivity growth rate Z (which is expected to
directly influence wages in a positive and prices in a negative manner, due to the associated

easing in production cost pressure).

From the corresponding across-markets or reduced-form Phillips curves (with k = 1/(1—
FKwphpw))
Wy = K[fw(e, )+ Kupfp(y,v) + (Kwz — Kwphipw) 2] + 7€, (16)
Pt = K [fp(y’ v) + ’{pwfw(ya U) + pr(’iwz - 1)2t] + 7['6, (17)
we obtain the following discrete-time approximation of the law of motion of the labor share
v =w/(p2):
U = Wy —Pr—

= K1 = kpw)fuwle,v) = (1= Kup) fp(y, v) + (Kwz = 1)(1 = Kpw) 2] - (18)

"See Chiarella, Flaschel and Franke (2005, pp.111f), where also an empirical study by Brayton, Roberts

and Williams (1999) is discussed. In fact, the wage share expression in eq.(15) can be related to a significant
influence of an actual markup variable in the latter work.



with

fw(ea ’U) = Bwe(et—l - 60) - /Bwv ln(vt—l/vo)7
fp(y’ v) = /pr Yi—1 + pr hl(vtfl/vo)‘

and Z; given by eq.(11).

Concerning the evolution of the overall inflationary expectations among the economic
agents in the model economy, as in Franke, Flaschel and Proano (2006) let us assume that
the dynamic behavior of the inflationary climate is described by

Ty = M1+ Breline (e = m1) + (1= Fige) (7 = m_y)]; (19)

where (¢ is an adjustment speed parameter and 7° the steady state inflation rate, which
is assumed to be known by the public and targeted by the central bank. The weight
parameter rkre € [0,1] is associated with the central bank’s credibility, with (1 — kze)
representing the influence of the trend-chasing adaptive expectations component in the
inflationary climate in the economy.

2.3 Monetary Policy

As standard in the actual theoretical literature, not the level of money supply but the
nominal interest rate is modeled as the policy instrument of the monetary authorities.
Accordingly, the short-term nominal interest rate set by the monetary authorities is defined
by

iv = 1%+ Qp(Pr—1 — 7°) + Dy Y1 (20)

where ¢ is the steady state nominal interest rate, and ¢ and ¢, are coefficients representing
the reaction of the central bank to deviations of the price inflation rate from its target level
(the inflation gap), and to non-zero output gaps, respectively.®

As Figure 2 illustrates, the market hierarchy of the described theoretical economy is
clearly defined: aggregate demand (determined by the real interest rate, the labor share
and the output gap in the previous period) determines the level of output (and thus the

®Note that an interest rate smoothing term is not incorporated as e.g. in Walsh (2005), following
the empirical and theoretical arguments of e.g. Rudebusch and Wu (2003), whereafter monetary policy
impulses should be specified as autoregressive processes due, for example, the uncertainty of the monetary
authorities at time ¢ concerning the actual state of the economy.
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Figure 2: The structure of the model

output gap) in the actual period. Due to the existence of labor search and matching
frictions, not Ly = Y;/z/, but IV, is realized instead. Labor productivity is determined
residually from z; = Y;/N,. Wage- and price inflation are determined not only by the
goods-, but also by the labor markets, as well as by the weighting coefficients of both wage
and price Phillips curves equations concerning the cross-over inflation expectation scheme.
Concerning the dynamics of the labor share, while the influence of the (log) wage share
on its rate of growth is unambiguously negative (see eq.(18)), the joint, net effect of the
goods and labor market dynamics depends on the respective slopes of the two structural
Phillips curves, as well as, again, on the cross-over inflation expectations formation of the

economic agents.

It should be pointed out that the destabilizing Mundell inflationary expectations channel
(discussed extensively in Chiarella, Flaschel and Franke (2005)), which affects positively
the dynamics of all other dynamic variables of the system through its positive influence
on price inflation, as well as on wage inflation, also operates in this model, being more
destabilizing the larger is e in eq.(19). However, as long as the nominal interest rate

10



reacts — along the lines of the so-called Taylor principle — over-proportionally (¢5 > 1 in
eq.(20)) to price inflation increases, the interaction between price inflation and output is
intrinsically stable, since dy/0p < 0, dy/dy < 0, 9p/dy > 0 and 9p/0p = 0. Accordingly,
for ¢ > 1 an exogenous increase in p, leads to a larger increase in ¢, to a decrease in y
and thus to a decrease in p. As a consequence, the positive effect of a higher p on the

C

inflationary climate 7 is short-lived and is thus not likely to destabilize the interaction

between p and y.?

Because the local stability conditions of the original theoretical model have been in-
vestigated extensively by Chen et al. (2006) and Franke, Flaschel and Proano (2006) both
numerically and analytically, and because the introduction of the labor search module does
not imply per se the occurrence of instability (as it in fact incorporates more frictions into
the model), the remainder of this paper does not focus on the local stability analysis of this
model variant but investigates instead the empirical plausibility of this modified theoretical
model, and analyzes the performance of alternative monetary policy rules.

3 Empirical Evidence

Let us now assess the empirical plausibility of the theoretical framework discussed in the
previous section by comparing the model’s dynamic adjustment to an exogenous one-time
monetary policy shock (modeled as an AR(1) process with an autoregressive coefficient of
0.7 as in Walsh (2005)) with the impulse response functions resulting from an unrestricted
VAR model estimated with aggregate time series of the U.S. economy. Accordingly, the
parameters underlying the following simulations assume a quarterly frequency and are
chosen so that nominal interest rates as well as wage and price inflation rates are presented
as annualized values. In the following simulations the wage- and price inflation adjustment
equations, as well as the output gap and the inflationary climate equations are calibrated
with parameter values along the lines of those obtained for the U.S. economy by Franke,
Flaschel and Proafo (2006) and Proafio et al. (2006).1°

9This stability property of the real interest rate channel (first analyzed by formal methods in Tobin
(1975), see also Groth (1992)), operates in models with a conventional LM equation through the well
known Keynes effect.

10The following estimations were computed using the original time series of all variables except of the
wage share, which was detrended using a quadratic trend given the downward but not exactly linear
evolution of that series over the last 30 years in the United States. The inflationary climate parameters
are chosen so that this variable does not exert a significant influence on the dynamics of the system.

11



Table 1: Baseline calibration parameters

Goods Markets Oy Qyr Qyw
0.7 0.05 0.1
Wage Phillips Curve Buwe Buww Kwp 1 — Kuwp
0.510 0.230 0.420 0.580

Price Phillips Curve Bpy Bpv Epw 1 — Kpuw
0.210 0.270  0.550 0.450

Monetary Policy Rule for by Bre Kre

& Inflationary Climate 1.5 0.5 1 0.5

In those and other related studies such as Chen and Flaschel (2006), Flaschel and Krolzig
(2006) and Proano (2009) similar models to the one discussed here have been estimated
with aggregate data of the U.S. and major European countries using different econometric
methods. These empirical studies do not only support the theoretical formulation of the
model, but also suggest that wage flexibility is larger than price flexibility towards their
demand pressure terms in the labor and goods markets, respectively. Furthermore, the term
In(v/v°) has been found to be by and large statistically significant and to have numerically
similar coefficients in both wage and price adjustment equations. The same is true for the
cross-over inflation expectation terms, with the wage inflation entering in the price Phillips
curve and the price inflation entering in the wage Phillips Curve. The inclusion of lagged
price inflation (as a proxy for the inflationary climate term) in both equations seems also
to be supported by the data.

The empirical estimates for the parameter values of the labor search employment rate
specification given by eq.(9) was estimated using U.S. aggregate time series stemming from
the Federal Reserve Bank of St. Louis data set. The data is quarterly, seasonally adjusted
and concerns the period from 1970:1 to 2005:4. The real interest rate was computed as
ry = i;_1 — Pr with 4; as the three-month T-bill and p; as the annualized GDP deflator
inflation rate.

In order to test for stationarity, Phillips-Perron unit root tests were carried out for each
series in order to account, not only for residual autocorrelation as is done by the standard
ADF Tests, but also for possible residual heteroskedasticity when testing for stationarity.
The Phillips-Perron test specifications and results are shown in Table 2. As it can be
observed there, the applied unit root tests confirm the stationarity of all series with the
exception of the short term real interest rate r at the 5% level. Nevertheless, due to the
general low power of the unit root tests, this result can be interpreted as a reflection of the

12
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Figure 3: U.S. aggregate time series. The detrended wage share is depicted using a nor-
malized scale. Source: US FRED Database.

strong autocorrelation present in the short term real interest rate.

Table 2: Phillips-Perron Unit Root Test Results. Sample: 1970:1 - 2005:4

Variable Lag Length Determ. Adj. Test Stat. Prob.*

Ay, - - -9.296 0.000
Ae, - - -5.430 0.000
Aln(v;/v°) - - -13.557 0.000
Aln(z) - - -10.092 0.000
T - - -2.383 0.017

*MacKinnon (1996) one-sided p-values.

Before analyzing the empirical evidence for the joint dynamics of the main variables of
the theoretical model, let us first focus on the empirical estimates of the LSM specification
put forward in this paper. Eq.(9) was estimated by means of nonlinear GMM in order to
account for a possible correlation between the disturbance term and the right-hand side
variables, since this is an instrumental variables method which accounts for this eventual
problem, and, being a minimum distance estimator, does not rely on a specific assumption
with respect to the distribution of the residuals. Indeed, as stated in Wooldridge (2001,

13



p.92), a GMM estimation possesses several advantages in comparison to more traditional
estimation methods such as OLS and 2SLS especially in time series models, where het-
eroskedasticity in the residuals is a common feature: “The optimal GMM estimator is
asymptotically no less efficient than two-stage least squares under homoskedasticity, and
GMM is generally better under heteroskedasticity.” Accordingly, the Newey and West
(1987) HAC weighting matrix was chosen in the GMM objective function to allow the
resulting GMM estimates to be robust against possible heteroskedasticity and serial cor-
relation of an unknown form in the error terms. As instrumental variables in the GMM
regression the four lags of Ae;, Aln(vy/v°), ry and Aln(z;) were included. In order to test
for the validity of the overidentifying restrictions, the J—statistics as proposed by Hansen
(1982) were calculated. The following GMM estimates of eq.(9) were obtained (standard
errors in brackets):

1-0.422

0.422 [0:033]

Aer = 0.433 [1 — (1 — 0.045) er—1]°%% Jexp(y:) — (1 — 0.045) er—1 —0.045 e;—1
[0.042] [0.008] [0.008] [0.008]

Adj. R-squared = 0.285 J-stat (p-val) = 0.963

In general terms the GMM regression widely supports the theoretical formulation of
the employment rate dynamics, being also consistent with other studies: The estimated
value of p = 0.433 is consistent with the estimates of De Haan, Ramey and Watson
(2000) (Christoffel, Kuester and Linzert (2009) calibrate their model with p = 0.42),
as well as the Cobb-Douglas parameter estimate ¢ = 0.422, which is concordant with
the empirical findings of European countries and the U.S. surveyed by Petrongolo and
Pissarides (2001) (Walsh (2005) sets this parameter equal to 0.4). In contrast, the estimate
of the job separation rate p = 0.045 is significantly lower than the empirical findings by
Hall (1995), Hall (2005), Shimer (2005), who estimate this coefficient to be approximately
0.1. This difference can be however explained by the fact that while in those studies
the job separation rate is calculated from the cyclical component of the unemployment
rate computed through the Hodrick-Prescott filter, see e.g. Shimer (2005, p.32), in this
estimation, in contrast, not such detrending of the employment rate was undertaken.

For comparison the GMM estimates (computed with the same set of instrumental vari-

14



ables as in the previous regression) of the DOL specification given by eq.(13) are:

e = 0154 Ay, 1 +0.178 Ay; o —0.059 Ay; 3 — 0.006 In(vs—1/v7)
[0.003)] [0.008] [0.007] [0.004]

Adj. R-squared = 0.306 J-stat (p-val) = 0.482

As the adjusted R-squared statistics show, because the LSM specification given by eq.(9)

imposes more structural restrictions on the data, the Okun’s Law specification has a slightly
better fit. However, the labor search specification has two main advantages in comparison
the the OL specification: First, the GMM estimates of eq.(9) imply a fairly reasonable
steady state employment rate of about e’ = u/((1 — p)u + p) = 0.433/((1 — 0.045) x
0.433 + 0.045) = 0.944, what delivers an additional test for the empirical relevance of the
above equation, and second, as it will be discussed in the next section, its more elaborated
theoretical structure delivers some interesting insights on the role of the labor markets for
the dynamics of the economy which could not be obtained from the more empirically based
Okun’s Law.

Let us now analyze the dynamic adjustments of the theoretical framework with the
DOL specification of Franke, Flaschel and Proafio (2006) and the framework variant dis-
cussed in this article to a monetary policy shock with the impulse response functions of
an unrestricted VAR(1) model'! of the core model variables i, Ay, Ae, and o (since the
dynamics of the growth rate of the labor share © comprise the dynamics of wage- and price
inflation, and of the average labor productivity).!?

Output Gap Employment Rate Wage Share
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Figure 4: Impulse-response functions of an unrestricted VAR(1) model to a 1% nominal
interest rate shock.

Figure 4 illustrates how the output gap, the employment rate and the (detrended) wage
share react to a one-time 1% increase in the nominal interest rate. As expected, a higher

"The lag length was chosen according to the Schwarz and the Hannan-Quinn Information Criteria.
"2 As in the previous regression we use the (chance of the) log detrended wage share In(v/v°) due to the
pronounced downwards trend in this variable over the last twenty years.
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interest rate affects the output gap negatively, what in turn leads to a decrease in the
employment rate and to an increase in the wage share due to the joint reaction of price
inflation, wage inflation and labor productivity to such a slowdown in economic activity.

Output Gap Employment Rate Wage Share
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Figure 5: Model dynamic adjustments to a 1% monetary shock for different employment
rate dynamic adjustment mechanisms (annualized inflation rates, percent values). The
solid line corresponds to the labor search specification, while the dashed line corresponds
to the dynamic Okun’s law specification

Figure 5 in turn illustrates the dynamic adjustment predicted by the two model variants
using the parameter values of Table 1 and the GMM parameter estimates for the DOL
formulation and the GMM estimates for the LSM specification. As it can observed, in the
two model variants the dynamic adjustments are not only concordant with the estimated
VAR(1) model not only in qualitative, but also in quantitative terms, as they lie within
the estimated confidence bands of the just discussed VAR(1) — but are also along the lines
of the predicted reactions of other macroeconomic models with labor frictions, such as
Walsh (2003, 2005) and Christoffel, Kuester and Linzert (2009) even though the model-
ing approach of this paper does not rely on intertemporal utility and profit maximizing
behavior by households and firms assumed there, nor on the Calvo (1983) staggered wage
and price setting scheme. Similarly to the impulse-response functions of the unrestricted
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VAR(1) model shown in Figure 4, the initial increase in the nominal interest rate leads to
a fall in aggregate demand (and production) which leads to a fall in employment (with a
certain delay) and a reduction of the average labor productivity. Despite the fact that the
production and employment decrease influence negatively wage and price inflation, due to
the sluggish reaction of these variables the immediate reaction of labor productivity leads
initially to a (countercyclical) increase in the wage share, which in turn leads to a short-
lived positive reaction of wages and prices, which is reversed over time by the negative
developments of the output and the employment rate.

Now, even though the dynamic adjustment of both model variants are by and large of
the same characteristics, as it will be shown in the next section the LSM specification for
the employment rate dynamics discussed in this paper delivers a more structured view of
the labor market, allowing a deeper analysis of the effect of different types of labor frictions
on the dynamics of the economy.

4 Labor Market Frictions and Macroeconomic Dynamics

As discussed in Section 2, the different labor market parameters p (the matching technology
level), p (the exogenous job separation rate) and ¢ (the Cobb-Douglas exponent in the
matching function) comprised in eq.(9) affect in a direct manner not only the extent up to
which the economy reacts to exogenous shocks, but also the speed with which the economy
returns to equilibrium.

In order to analyzed in a differentiated manner the influence of the different labor
market parameters in the economy’s dynamic adjustments with respect to monetary policy
shocks, in each of the following simulations, the model’s reaction to a 1% increase in the
nominal interest rate is computed using again the parameter estimates of Table 1 and the
GMM estimates of the LSM specification, varying however only one of the labor market

parameters at a time.

Let us begin with the matching technology parameter p. As it can be clearly observed
in Figure 6, a higher efficiency in the matching process between vacancies and unemployed
workers (represented by a larger value of 1) diminishes the discrepancy between the firms’s
labor demand level L} and the actual employment level Ny, leading to a relatively stronger
reaction of the employment and a weaker reaction of the average labor productivity, as
labor productivity is determined residually from the difference between Y; and NV;. Large
values of p are thus related with strong reactions of employment and low reaction of the
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Figure 6: Dynamic adjustments to a 1% monetary shock for varying p values (annualized
inflation rates, percent values)

average labor productivity. Furthermore, it should be noted that the actual reaction of
the employment rate is much stronger than it is depicted in Figure 6 — where only the
deviations of the actual employment rate from its steady state level are illustrated —, as
the steady state employment rate depends also positively on p (as well as on the other
labor market factors), see eq.(10). Concerning the nominal variables of the model, as it
can also be clearly observed, the short-lived positively reaction of price inflation (and with
a period delay, of wage inflation) resulting from the increase in the labor share (which
results from the decrease in the labor productivity) diminishes for larger values of p, due
to the inverse relationship between the employment and the labor productivity level.

Figure 7 in turn illustrates the effect of a larger job separation rate for the dynamic
adjustments of our model economy with respect of an analogous monetary policy shock.
As in the previous case, due to the increase in the labor share (resulting from the drop in
labor productivity), we observe a short-lived increase in price inflation (as well as in wage
inflation due to the influence of the former on the latter), which is also reversed due to the
decrease in output and inflation after some quarters. Respecting the nominal variables,
along the lines of Christoffel, Kuester and Linzert (2009) Figure 7 shows that these do not
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Figure 7: Dynamic adjustments to a 1% monetary shock for varying p values (annualized
inflation rates, percent values)

seem to be particularly influenced by variations in the job separation rate. Concerning the
employment rate, Figure 7 shows that for lower values of p the reaction — relative to the
respective steady state employment rate — is much stronger than for larger values, where
the employment rate does not deviate much from its (lower) steady state level.

Finally, Figure 8 illustrates the effect of variation in the parameter & of the Cobb-
Douglas labor matching function. In this case we can observe that for larger values of £
(the parameter representing the relative importance of the unemployment rate in the labor
matching process) the reaction of actual employment becomes weaker, and that of labor
productivity stronger. In order to understand these reactions it is helpful to think of £ as
the degree by which aggregate goods demand is served through internal labor productivity
adjustment within the firms rather than through an external adjustment through the hiring
of new employees. For example, for ¢ = 0.3 the employment rate reacts strongly to a
variation in aggregate demand, while for £ = 0.7 it react only weakly, being the labor
productivity of the already employed workers which takes over most of the adjustment of
production. Additionally, as Figure 8 shows, the larger £ is, the larger is also the persistence
in the wage share reaction due to the stronger (and more persistent) reaction of the average
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Figure 8: Dynamic adjustments to a 1% monetary shock for varying £ values (annualized

inflation rates, percent values)

labor productivity.

A real world analogy of this interpretation of & which highlights the advantages of the
present LSM specification against the use of a simple Okun’s law can be found in the
differentiated effects of the actual global financial crisis on output and employment in the
U.S. and Germany. Indeed, while in the U.S. the large output drop was followed by an
unprecedent collapse in employment, in Germany the production sector reacted to the
collapse in aggregate demand with the flexible use of time bank hours (Arbeitszeitkonten)
and other similar measures which by definition led to a reduction of the average labor pro-
ductivity, leaving however the employment level practically unchanged (see Maller (2010)).
In terms of the model, this differentiated adjustment could be interpreted with the U.S
being characterized by a low &, and Germany by a larger one.
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5 Monetary Policy Rules and Macroeconomic Stabilization

After the analysis of the role of the different labor market parameters for the dynamic
adjustments of the model, let us now investigate the role of monetary policy for macroeco-
nomic stability and more specifically the role of the choice of monetary policy targets for
the dynamics of the economy. For this purpose the dynamic reactions of the model to an
exogenous one-time 1% aggregate demand and an exogenous one-time 1% cost-push shock
under the different monetary policy rules summarized in Table 3 are analyzed.

Table 3: Alternative Monetary Policy Rules: Weighting Parameters

I. Standard II. Taylor Rule Taylor Rule
Weights  Taylor Rule with Employment Target with Wage Inflation Target
Dp 1.5 1.5 1.5
by 0.5 0.0 0.0
Ge 0.0 0.5 0.0
o3 0.0 0.0 0.5

Rule T corresponds to the original Taylor (1993) specification, whereafter the nominal
interest rate reacts to price inflation (with a coefficient of ¢, = 1.5) and the output gap
(with ¢, = 0.5). In the second rule not the output gap, but the employment rate (as the
labor markets are the main source of inefficiencies in the present theoretical framework)
is targeted (with ¢, = 0.5). Finally, in rule III only the nominal variables price and wage
inflation — with a joint reaction of ¢5 + ¢4 = 2 — are assumed to enter in the the central
bank’s reaction function.

In order to evaluate the performance of these three monetary policy rules, a standard
central bank (CB) loss function comprising the cumulated percent square deviations of
the price inflation rates and output gaps in the member economies A and B from their
respective targets, i.e.

T
Lr =3[ =7 +4] (21)
t=1
is calculated.'® The values of this CB loss function at different horizons are shown in
Tables 4 and 5.

¥Note that this evaluation procedure differs from the approach pursued in the New Keynesian DSGE
literature, where the performance of monetary (and fiscal) policy is evaluated in terms of deviations from
the flexible-price equilibrium. In the present approach, in contrast, such an equilibrium is not explicitly
modeled, nor is considered as the baseline scenario.
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Table 4: Welfare Losses at Different Horizons (aggregate demand shock)

Monetary Policy Rule 8 Quarters 16 Quarters 24 Quarters 32 Quarters

I 34.516 43.547 44.046 44.087
II 37.202 45.736 45.969 45.995
11T 39.795 47.847 47.856 47.856

As Table 4 clearly shows, given the parameter values used in these simulations, in the
case of an aggregate demand shock the monetary policy rule with the price and wage
inflation targets has the worst relative performance followed by the policy rule with the
employment rate target. The monetary policy rule with the standard price inflation and
output gap targets, in contrast, brings about the lowest loss for the central bank at all
horizons.

Table 5: Welfare Losses at Different Horizons (cost-push shock)

Monetary Policy Rule 8 Quarters 16 Quarters 24 Quarters 32 Quarters

I 0.5099 0.7231 1.0628 1.3526
I 0.5103 0.7492 1.1752 1.5864
11T 0.5420 0.6486 0.9350 1.2138

Table 5, in turn, illustrates the evolution of the CB “losses” resulting from a cost-push
shock. As it can be clearly observed, at the 8 quarters horizon rule I is the most effective
rule followed by rule IT (as in the previous case). This ranking is however reversed over
the next quarters. So from the 16th quarter on, rule III delivers the lowest loss for the
central bank, followed by rule IT and rule I. These simulations suggest that in the case of a
cost-push shock a rule with both wage and price inflation targets is the more efficient one

over the long term.'*

'1n a related paper, Faia (2008) performs similar experiments within a New Keynesian DSGE framework
with labor market frictions, finding that targeting the output gap is suboptimal towards targeting the
unemployment gap. The intuition behind this result is that because because in her framework the evolution
of the real marginal costs (the main determinant of price inflation in the New Keynesian DSGE approach)
depends solely on unemployment and in that study the existence of labor market frictions are the source of
the inefficiency in the economy, a monetary policy rule reacting to the unemployment gap is thus welfare-
enhancing. Here, in contrast, the performance of monetary policy is evaluated using a different metric not
based on the welfare resulting from the lifetime consumption of a representative agent, as usually done in
New Keynesian DSGE models.
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Let us now analyze the CB loss function and thus the effect of a variation of the
nominal and real target weights values for macroeconomic stabilization. For this the CB
loss function is again computed for different combinations of the respective target weights
of rules I, IT and III in the interval [0.1 - 1.8] for ¢, and ¢, and in the interval [0.8 - 1.§]
for ¢, for both aggregate demand and cost-push shocks.

Figure 9 illustrates the values of the CB loss function resulting from these two exercises
at the 30 quarters horizon.

Aggregate demand shock

Rule II Rule III

18 1.8 N 18 1.8 N . 18 1.8 N
by ¢p by ¢p b ¢>p

Cost-push shock
Rule 11 Rule II1

¢U 18 1.8 ¢fi (Z)C 18 1.8 ¢13 ¢m 18 1.8 ¢13
Figure 9: CB Loss for varying real and nominal target weights resulting at 30 quarters

horizon.

There are several insights which should be highlighted: In the first place, these 3D
graphs corroborate the well-known notion that a more aggressive monetary policy (rep-
resented by larger values of the target weights in the monetary policy rule) contributes
significantly to macroeconomic stabilization. There is however a certain heterogeneity in
the extent by which the economy is stabilized by a higher responsiveness to the different
target weights. In the case of rule I, for example, as the slope of the area illustrated in the
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first graph in Figure 9 shows, an increase in ¢, leads to a stronger reduction in the CB
loss function than an increase in ¢ in the case of an aggregate demand shock. This is not
necessarily true for the cost-push shock case. Also worth to be highlighted is that while
an increase in rule II’s target weight ¢, leads to a larger reduction in the CB loss than
an increase in ¢y in the case of an aggregate demand shock, in the cost-push shock case
such a loss reduction is more pronounced for larger values of ¢5. Furthermore, concerning
rule III, it is worth noting that in both aggregate demand and cost-push cases the effect
of higher values of ¢; and ¢; on the CB loss is not monotonically negative. Indeed, for
certain threshold values, higher values of ¢; and ¢; do not reduce, but rather increase the
CB losses. This is due to the resulting higher volatility of the output gap under rule III,
which is exacerbated by larger values of ¢ and ¢;.

Finally, let us analyze the performance of some of the monetary policy rules just dis-
cussed for different values of the the labor market parameters.

Rule I: Aggregate demand shock

Rule III: Cost-push shock

H 030 @p/¢w p 0o ¢13/¢w 3 030 ¢13/¢w

Figure 10: CB Loss for varying target weights and labor market parameters at 30 quarters
horizon.

Figure 10 shows again the CB losses at 30 quarters horizon, this time however for
different values of the parameters u, p and £, and for different values of the target weight
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¢p in the best performing rules — rule I in the aggregate demand shock scenario and rule 111
in the cost-push case — with ¢, = 2—¢; in the first case and ¢ = 2— ¢, in the second case.
In Figure 10, thus, while the same total reaction of the monetary authorities to aggregate
demand and cost-push shocks is assumed,® with Oy +Pp = 2 and ¢y +@p = 2, respectively,
the relative weight of the price (wage) inflation and the output gap in the monetary policy
rules I and III varies: For low values of ¢/, (¢5/¢) the monetary authorities react more
strongly to output gap (wage inflation) than to price inflation developments, and viceversa.

As it can be clearly observed in Figure 10, the relationship between the labor market
parameters and the relative reaction of the monetary authorities to y (w) and p given
by the ratios ¢;/¢, and ¢;/¢y, respectively, is highly nonlinear due to the fact that the
loss function £ comprises the reaction of both output and inflation deviations from their
respective target levels which, as we have seen, can significantly differ from each other
in their extent and persistence. Nonetheless, Figure 10 delivers a variety of important
insights. Concerning the aggregate demand shock case, this simulation exercise shows that
a relatively larger value of ¢, results in lower CB losses for all values of p and p, as well as
for larger values of £. For low values of £, in contrast, a relatively larger value of ¢; seems
more advantageous, as they are related to larger deviations of the price inflation rate from
m° =0, as e.g. illustrated in Figure 8. Furthermore, while the relative gains of a larger ¢,
seem to be larger for large values of p, for u, in contrast, they diminish along with larger
values of this parameter. In the case of an aggregate demand shock there is thus a higher
substitutability between ¢; and ¢, when there is a higher matching efficiency, as well as
when separation rate is low.

Concerning the cost-push shocks, on the other hand, it is more difficult to deliver a
straightforward interpretation of the relationship between the labor market parameters
and ¢;/¢y due to the much more complex interplay between the wage- and price inflation
rate determination specified in this paper. Indeed, in a on a first sight counterintuitive
manner, this simulation exercise suggests that a relatively larger ¢; enhances rule I1I’s
performance in terms of CB losses. Additionally, in contrast to the effects of larger u and
p in the aggregate demand shock scenario, in this case larger values of p and & are related
—in a nonlinear manner — with larger CB losses by and large irrespectively of the specific
values of ¢;/¢y, what, at least respecting £, can be explained by the looser link between
the economic activity and the employment (and thus, to a certain extent, wage inflation)
for larger values of £.

5Note that in her evaluation of different monetary policy rules, Faia (2008) implicitly assumes different
total reaction of the monetary policies, making an appropriate comparison difficult to achieve.
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6 Concluding Remarks

In this paper the (Disequilibrium) Keynes-Goodwin model discussed in Chen et al. (2006)
and Franke, Flaschel and Proano (2006) was extended and enhanced by the incorporation
of a labor market module containing basic search and matching elements along the lines
of Mortensen and Pissarides (1994) and Pissarides (2000).

The particular specification not only of the employment rate dynamics but also of the
general theoretical approach pursued in this paper was not only supported by empirical
data, but it could be shown by means of numerical simulations that it can be a useful
framework for the analysis of the macroeconomic effects of different types of labor market
frictions.

Concerning the role of monetary policy in such a framework, the discussed dynamic
simulations allowed us not only to evaluate the performance of alternative monetary policy
rules for given labor market parameters, but they also delivered interesting insights on the
relationship between different degrees of labor market rigidities (in different senses) and
the performance of alternative monetary policy rules to aggregate demand and cost-push
shocks.

On more real-world related grounds, if one takes into account the significant differences
in the characteristics of the labor markets for example across the countries of the European
Monetary Union, the findings of this paper might deliver some interesting insights on the
recent developments of output, employment, inflation and income distribution in those
countries.

26



References

Barbosa-Filho, Nelson and Lance Taylor. 2006. “Distributive and Demand Cycles in the
US Economy A Structuralist Goodwin Model.” Metroeconomica 57(3):389  411.

Blanchard, Olivier J. and Lawrence Katz. 1999. “Wage Dynamics: Reconciling Theory and
Evidence.” American Economic Review 89:69-74. Papers and Proceedings of the One
Hundred Eleventh Annual Meeting of the American Economic Association (May, 1999).

Blanchard, Olivier and Nobuhiro Kiyotaki. 1987. “Monopolistic Competition and the Ef-
fects of Aggregate Demand.” American Economic Review 77(4):647-66.

Brayton, F., J.M. Roberts and J.C. Williams. 1999. What’s Happened to the Phillips
Curve? Finance and Economics Discussion Series 1999-49 Board of Governors of the
Federal Reserve Bank System.

Calvo, Guillermo A. 1983. “Staggered Prices in a Utility Maximizing Framework.” Journal
of Monetary FEconomics 12:383—-398.

Campolmi, Alessi and Ester Faia. 2006. Cyclical inflation divergence and different labor
market institutions in the EMU. Working Paper 619 European Central Bank.

Chen, Pu, Carl Chiarella, Peter Flaschel and Willi Semmler. 2006. Keynesian Macrody-
namics and the Phillips Curve. An estimated baseline macromodel for the U.S. economy.
In Quantitative and Empirical Analysis of Nonlinear Dynamic Macromodels, ed. Carl
Chiarella, Peter Flaschel, Rainer Franke and Willi Semmler. Amsterdam: Elsevier.

Chen, Pu and Peter Flaschel. 2006. “Measuring the Interaction of Wage and Price Phillips
Curves for the U.S. Economy.” Studies in Nonlinear Dynamics and Econometrics 10:1—
35.

Chiarella, Carl and Peter Flaschel. 1996. “Real and Monetary Cycles in Models of Keynes-
Wicksell Type.” Journal of Economic Behavior and Organization 30:327-351.

Chiarella, Carl, Peter Flaschel and Reiner Franke. 2005. Foundations for a Disequilib-
rium Theory of the Business Cycle. Qualitative Analysis and Quantitative Assesment.
Cambridge, U.K.: Cambridge University Press.

Christiano, Lawrence, Martin Eichenbaum and Charles Evans. 2005. “Nominal Rigidities
and the Dynamic Effects of a Shock to Monetary Policy.” Journal of Political Economy
113:1-45.

27



Christoffel, Kai, Keith Kuester and Tobias Linzert. 2009. The Role of Labor Markets for
Euro Area Monetary Policy. Working Paper 1035 ECB.

De Haan, Wouter J., Garey Ramey and Joel Watson. 2000. “Job Destruction and the
Propagation of Shocks.” American Economic Review 90(3):482 — 498.

Erceg, Christopher J., Dale W. Henderson and Andrew T. Levin. 2000. “Optimal Monetary
Policy with Staggered Wages and Prices.” Journal of Monetary Economics 46:281-313.

Estrella, Arturo and Jeffrey C. Fuhrer. 2002. “Dynamic Inconsistencies: Counterfactual Im-
plications of a Class of Rational Expectations Models.” The American Economic Review
92:1013-1028.

Faia, Ester. 2008. “Optimal Monetary Policy Rules with Labor Market Frictions.” Journal
of Economic Dynamics and Control 32(5):1357 — 1420.

Flaschel, Peter. 2009. The Macrodynamics of Capitalism. Elements for a Synthesis of
Marz, Keynes and Schumpeter. 2 ed. Berlin: Springer.

Flaschel, Peter and Hans-Martin Krolzig. 2006. Wage-Price Phillips Curves and Macroe-
conomic Stability. Basic Structural Form, Estimation and Analysis. In Quantitative
and Empirical Analysis of Nonlinear Dynamic Macromodels, ed. Carl Chiarella, Peter
Flaschel, Reiner Franke and Willi Semmler. Amsterdam: Elsevier.

Franke, Reiner, Peter Flaschel and Christian R. Proano. 2006. “Wage-Price Dynamics and
Income Distribution in a Semi-Structural Keynes-Goodwin Model.” Structural Change
and Economic Dynamics 17(4):452-465.

Gertler, Mark and Antonella Trigari. 2009. “Unemployment Fluctuations with Staggered
Nash Wage Bargaining.” Journal of Political Economy 117(1):38-86.

Goodfriend, Marvin and Robert G. King. 1997. The New Neoclassical Synthesis and the
Role of Monetary Policy. In NBER Macroeconomics Annual, ed. Ben S. Bernanke and
Julio J. Rotemberg.

Groth, Charlotta. 1992. “Some Unfamiliar Dynamics in a Familiar Macromodel.” Journal
of Economics 58:293-305.

Hall, Robert E. 1995. “Lost Jobs.” Brookings Papers on Economic Activity 1:221 56.

Hall, Robert E. 2005. “Employment Fluctuations with Equilibrium Wage Stickiness.”
American Economic Review 95(1):50-65.

28



Hansen, Lars Peter. 1982. “Large Sample Properties of Generalized Method of Moments
Estimators.” Econometrica 50(4):1029-1054.

MacKinnon, James G. 1996. “Numerical distribution functions for unit root and cointe-
gration tests.” Journal of Applied Econometrics 11:601-618.

Mankiw, Gregory. 2001. “The Inexorable and Mysterious Tradeoff between Inflation and
Unemployment.” Economic Journal 111:45 61.

Moller, Joachim. 2010. “The German labor market response in the world recession — de-
mystifying a miracle.” IAB Journal for Labour Market Research (ZAF) 42:325 — 336.

Mortensen, Dale and Christopher Pissarides. 1994. “Job Creation and Job Destruction in
the Theory of Unemployment.” Review of Economic Studies 61:397-415.

Newey, Whitney K. and Kenneth D. West. 1987. “A Simple, Positive Semi-definite,
Heteroskedasticity and Autocorrelation Consistent Covariance Matrix.” Econometrica
55(3):703-708.

Okun, Arthur M. 1970. The Political Economy of Prosperity. The Brookings Institution.

Petrongolo, Barbara and Christopher A. Pissarides. 2001. “Looking into the Black Box: A
Survey of the Matching Function.” Journal of Economic Perspectives 39:390-431.

Pissarides, Christopher A. 2000. Equilibrium Unemployment Theory. 2nd ed. MIT Press.

Proafio, Christian R. 2009. “(De-)Stabilizing International Macroeconomic Interactions
in an Estimated Model of the U.S. and the Euro Area.” International Economics and
Economic Policy 6(4):421 443.

Proafio, Christian R., Peter Flaschel, Ekkehardt Ernst and Willi Semmler. 2006. Disequi-
librium Macroeconomic Dynamics, Income Distribution and Wage-Price Phillips Curves:
Evidence from the U.S. and the Euro Area. Working Paper 4/2006 Macroeconomic Policy
Institute (IMK) Diisseldorf: .

Roberts, John M. 1995. “New Keynesian Economics and the Phillips Curve.” Journal of
Money, Credit and Banking 27(4):975-984.

Rudd, Jeremy and Karl Whelan. 2005. “New tests of the new-Keynesian Phillips curve.”
Journal of Monetary Economics 52:1167 1181.

29



Rudebusch, Glen D. and T. Wu. 2003. “A Macro-Finance Model of the Term Structure,
Monetary Policy, and the Economy.” Federal Reserve Bank of San Francisco, mimeo.

Rudebusch, Glenn D. and Lars E.O. Svensson. 1999. Policy Rules for Inflation Targeting.
In Monetary Policy Rules, ed. John B. Taylor. Chicago: The University of Chicago Press
chapter 15.

Shimer, Robert. 2005. “The Cyclical Behavior of Equilibrium Unemployment, Vacancies
and Wages: Evidence and Theory.” American Economic Review 95(1):25-49.

Taylor, John B. 1993. “Discretion versus policy rules in practice.”

Conference Series on Public policy 39:195-214.

Carnegie- Rochester

Tobin, James. 1975. “Keynesian Models of Recession and Depression.” American Economic
Review 45:195-202.

Trigari, Antonella. 2009. “Equilibrium Unemployment, Job Flows and Inflation Dynamics.”
Journal of Money, Credit and Banking 41(1):1 — 33.

Walsh, Carl E. 2003. Labor Market Search and Monetary Shocks. In Elements of Dynamic
Macroeconomic Analysis, ed. S. Altug, J. Chadha and C. Nolan. Cambridge, U.K.:
Cambridge University Press pp. 451-86.

Walsh, Carl E. 2005. “Labor Market Search, Sticky Prices, and Interest Rate Policies.”
Review of Economic Dynamics 8(4):829-49.

Wooldridge, Jeffrey M. 2001. “Applications of Generalized Method of Moments Estima-
tion.” Journal of Economic Perspectives 15(4):87-100.

30



