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Abstract:
In this paper we formulate a baselinedisequilibrium AS-AD model and em-
pirically estimateit with time seriesdata for the US-economy. The versionof
the model usedhereexhibits a Phillips-curve, a dynamic IS curve and a Tay-
lor interest rate rule. It is basedon sticky wagesand prices,perfect foresight
of current in°ation rates and adaptive expectationsconcerningthe in°ation
climate in which the economy operates. A versionof Okun's law is usedto
link capacity utilization to employment. Our proposednonlinear 5D model
of real market dynamicsovercomesanomaliesof the old Neoclassicalsynthe-
sis and also the rational expectations methodology of the new Neoclassical
Synthesis. It resembles New Keynesianmacroeconomicsbut permits non-
clearing of markets. It exhibits typical Keynesianfeedback structures with
asymptotic stabilit y of its steady state for low adjustment speedsand with
lossof stabilit y { generallyby way of Hopf bifurcations { whencertain adjust-
ment speedsare madesu±ciently large. We provide systemestimatesof our
model, for quarterly time seriesdata of the U.S. economy 1965.1-2001.1,and
study the stabilit y featuresof the U.S. economy with respect to its various
feedback channelsfrom an empirical perspective. Basedon theseestimates,
which in particular imply that goods market dynamicsare pro¯t led, we ¯nd
that the dynamicsare strongly convergent around the steady state, if mon-
etary policy is su±ciently active, but will losethis feature if the in°ationary
climate variable or the price in°ation rate itself adjusts su±ciently fast. We
also study to what extent more active interest rate feedback rules or down-
ward wagerigidit y can stabilize the dynamics in the large when the steady
state is locally repelling. We study the economy's behavior due to faster
adjustments. We ¯nd that monetary policy shouldallow for su±cient steady
state in°ation in order to avoid stabilit y problemsin areasof the phasespace
wherewagesare not °exible in a downward direction.

|||||||
Keywords: AS-AD disequilibrium, wage and price Phillips curves, Okun's
law, (in-)stabilit y, persistent °uctuations, monetary policy.

JEL CLASSIFICATION SYSTEM: E24, E31, E32.
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1 In tro duction

This paper formulates and estimatesa Keynesianmacroeconomicmodel for the U.S.
economy. It builds as recent New Keynesianmacrodynamic model, on gradual wage
and price adjustments, employs two Phillips-curves, to relate factor utilization rates
and wage and price dynamics and includes a dynamic IS curve and a Taylor interest
rate rule. It resembles the New Keynesianmacromodels in that it includeselements of
forward looking behavior, but it permits nonclearingmarkets, underutilized labor and
capital stock and a mix of myopic perfect foresight and adaptively formed medium run
expectations concerningan in°ation climate of the economy. In order to link output
to employment the paper will make use of a dynamic form of Okun's law. Although
our model is akin to the traditional AS-AD model the resulting nonlinear 5D model of
nonclearing labor and goods market avoids the anomaliesof the conventional AS-AD
model.

Our approach exhibits similarities but alsodi®erenceto NewKeynesianmacroeconomics.
We usethe sameformal structure for the variables that drive wageand price in°ation
rates (utilizations rates and real wages),but with a microfoundations that are for ex-
ample basedon the Blanchard and Katz (1999) reconciliation of wage Phillips curves
and current labor market theories. The basicdi®erencein the wage-pricemodule is that
we augment this structure by hybrid expectations formation wherethe forward-looking
part is basedon a neoclassicaltype of dating and whereexpectations are of cross-over
type { we have price in°ation expectations in the wagePhillips curve (wagePC) and
wage in°ation expectations in the price Phillips curve (price PC). Our formulation of
the wage-pricedynamicspermits thereforean interesting comparisonto New Keynesian
work that allows for both staggeredprice and wagesetting. Concerningthe IS-curve we
make useof a law of motion for the rate of capacity utilization of ¯rms that dependson
the level of capacity utilization (the dynamic multiplier), the real rate of interest and
¯nally on the real wageand thus on incomedistribution. New Keynesianauthors often
usea purely forward-looking IS-curve (with only the real rate of interest e®ect)and a
Phillips curve which has beencriticized from the empirical point of view; seein partic-
ular Fuhrer and Rudebusch (2004) and Eller and Gordon (2003). Sincewe distinguish
betweenthe rate of employment of the labor forceand that of the capital stock, namely
the rate of capacity utilization, we employ someform of Okun's law to relate capacity
utilization to employment.

The present paper intends to provide empirical evidenceon a baselinemodel of a Key-
nesiandisequilibrium AS-AD (DAS-DAD) variety. It presents the feedback structuresof
this (semi-)reducedform of a macromodel and its stabilit y implications, ¯rst on a gen-
eral level and then on the level of the sign and sizerestrictions obtained from empirical
estimatesof the ¯v e laws of motion of the dynamics. Theseestimates,undertaken from
the U.S. economy for quarterly data 1965.1-2001.1also allow us to discussasymptotic
stabilit y for the estimatedparametersizesand to determinestabilit y boundaries.

The remainder of the paper is organizedas follows. Section2 considers,the New Key-
nesianmacrodynamic model with staggeredwage and price setting in a deterministic
and continuous time framework. Section3 then presents our formulation of a baseline
Keynesian DAS-DAD growth dynamics such that is suitable to empirical estimation.
Section 4 considersthe feedback chains of the reformulated model and derives cases
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of local asymptotic stabilit y and of loss of stabilit y by way of Hopf-bifurcations. In
section 5 we then estimate the model to ¯nd out sign and size restrictions for its be-
havioral equationsand we study which type of feedback mechanismsmay apply to the
US-economy after World War I I. Section6 investigatesin detail the stabilit y properties
of the estimatedmodel. Section7 analyzeson the onehand the stabilit y problemsthat
occur when there is a °oor to moneywagede°ation and the role of monetary policy in
such a case. Section 8 discussesrelated literature and Section 9 concludes. Details of
the estimation results are presented in an appendix of the paper.

2 New Keynesian macro dynamics

In this sectionwe considerbrie°y the modern analog to the old neoclassicalsynthesis,
namely the New Keynesianapproach to macrodynamics in its advanced form, where
both staggeredprice setting and staggeredwagesetting are assumed. We here follow
Woodford (2003, p.225) in his formulation of staggeredwagesand prices, where their
joint evolution is coupledwith the usual forward-looking output dynamics, and in ad-
dition coupledwith a derived law of motion for real wages. Here we shall only brie°y
look at this extendedapproach and leave to later sectionsof the paper a consideration
of the similarities and di®erencesbetweentheseNew Keynesiandynamicsand our own
approach.

Woodford (2003,p.225) basically makesuseof the following two loglinear equationsfor
describing the joint evolution of wagesand prices (d the backward oriented di®erence
operator1).

d ln wt
W P C= ¯ E t (d ln wt+1 ) + ¯ wy ln Yt ¡ ¯ w! ln ! t ;

d ln pt
P P C= ¯ E t (d ln pt+1 ) + ¯ py ln Yt + ¯ p! ln ! t ;

where all parametersare assumedto be positive. Our ¯rst aim here is to derive the
continuous time analog to these two equations (and the other equations of the full
model) and to show on this basishow this extendedmodel is solved in the spirit of the
rational expectationsschool.

In a deterministic setting we obtain from the above

d ln wt+1
W P C=

1
¯

[d ln wt ¡ ¯ wy ln Yt + ¯ w! ln ! t ];

d ln pt+1
P P C=

1
¯

[d ln pt ¡ ¯ py ln Yt ¡ ¯ p! ln ! t ]:

If we assume(as we do in all of the following and without much lossin generality) that
the parameter ¯ is not only closeto one,but in fact set equal to one, then the last two
equationscan be expressedas

d ln wt+1 ¡ d ln wt
W P C= ¡ ¯ wy ln Yt + ¯ w! ln ! t ;

d ln pt+1 ¡ d ln pt
P P C= ¡ ¯ py ln Yt ¡ ¯ p! ln ! t :

1We make use of this convention throughout this paper and thus have to write r t ¡ 1 ¡ dpt for the
real rate of interest.
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Denoting by ¼w the rate of wage in°ation and by ¼p the rate of price in°ation (both
indexed by the end of the corresponding period) we then obtain the continuous time
dynamics(with ln Y = y and µ = ln ! ):

_¼w W P C= ¡ ¯ wyy + ¯ w! µ;

_¼p P P C= ¡ ¯ pyy ¡ ¯ p! µ:

From the output dynamicsof the New Keynesianapproach, namely

yt = yt+1 ¡ ®yi (i t ¡ ¼p
t+1 ¡ i 0); i:e:; yt+1 ¡ yt = ®yi (i t ¡ ¼p

t+1 ¡ i 0);

we obtain the continuous time reducedform law of motion

_y I S= ®yi [(¯ i¼ ¡ 1)¼p + (¯ iy + ¯ py)y + ¯ p! µ)];

wherewe have already insertedan interest rate policy rule in order to (hopefully) obtain
determinacyas in the New Keynesianbaselinemodel, which is known to be indetermi-
nate for the caseof an interest rate peg. Herewe have chosenthe simpleTaylor interest
rate policy rule

i = i t = i o + ¯ i¼¼+ ¯ iy y;

seeWalsh (2003,p.247),which is of a classicalTaylor rule type (though without interest
rate smoothing yet).

There remains¯nally the law of motion for real wagesto be determined,which setting
µ = ln ! simply reads

_µ = ¼w ¡ ¼p:

We thus get from this extendedNew Keynesianmodel an autonomouslinear dynamical
system, in the variables ¼w ; ¼p; y and µ: The, in general, uniquely determined steady
state of the dynamics is given by (0:0; 0; i o): From the de¯nition of µ we seethat the
model exhibits four forward-looking variables, in direct generalizationof the baseline
New Keynesianmodel with only staggeredprice setting. Searching for a zoneof deter-
minacy of the dynamics (appropriate parameter valuesthat make the steady state the
only boundedsolution of the dynamicsto which the economy then immediately returns
after isolated shocks of any type) thus requiresestablishingconditions under which all
roots of the Jacobianhave positive real parts.
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The Jacobianof the 4D dynamical systemunder considerationreads:

J =

0

B
B
@

0 0 ¡ ¯ wy ¯ w!

0 0 ¡ ¯ py ¡ ¯ p!

0 ®yi (¯ i¼ ¡ 1) ®yi (¯ iy + ¯ py) ®yi ¯ p!

1 ¡ 1 0 0

1

C
C
A :

For the determinant of this Jacobianwe calculate

¡j J j = (¯ wy¯ p! + ¯ py¯ w! )®yi (¯ i¼ ¡ 1)
>
=
<

0 i® ¯ i¼
>
=
<

1:

We thus get that an active monetary policy of the conventional type (with ¯ i¼ > 1)
is { comparedto the baselineNew Keynesianmodel { no longer appropriate to ensure
determinacy (for which a positive determinant of J is a necessarycondition). One can
show in addition, seeChen,Chiarella, Flaschel and Hung (2004),via the minors of order
3 of the JacobianJ; that the sameholds true for a passive monetary policy rule, i.e., the
model in this form must be blocked out from consideration. There consequently arises
the necessity to specify an extendedor modi¯ed active Taylor interest rate policy rule
from which onecan then obtain determinacyfor the resulting dynamics,i.e., the steady
state as the only boundedsolution and therefore,accordingto the logic of the rational
expectations approach, the only realized situation in this deterministic set-up. This
would then generalizethe New Keynesianbaselinemodel with only staggeredprices,
which is known to be indeterminate in the caseof an interest rate peg or a passive
monetary policy rule, but which exhibits determinacy for a conventional Taylor rule
with ¯ i¼ > 1.

We brie°y observe here that when the discrete time dynamics makes use of a system
matrix J the system matrix of the continuous time analog is given by J ¡ I ; I the
identit y matrix. The eigenvaluesof the discretetime caseare thus all shifted to the left
by 1 in the continuous time analog. In the caseof the considereddynamics this means
that determinacy in the continuous time caseimplies determinacy in the discrete time
case,but the samedoesnot at all hold for indeterminacy in the place of determinacy.
The discrete time casetherefore can be determinate, though the continuous time case
hasbeenshown to be indeterminate, for examplesimply becausethe stable roots of the
continuoustime casearesituated to the left of ¡ 1. In this example,a very stableroot in
the continuoussystemmay causestrongovershooting divergencein the discretesituation
and thusturn stableroots into unstableones.Wewould considerthe occurrenceof such a
situation asresulting from over-synchronization in the consideredmarket structure, since
theoretical discretetime systemsare then allowed only to react in the discretepoint in
time t; t+ 1; ::: Dependingon the period length that is underlying the model this canmean
(in the caseof onequarter) that shoppingcan only be doneevery three months which {
if implemented by law on an actual economy { would make it probably a very unstable
one. Discrete time modeling is important in empirical analysisdue to data availabilit y,
but should not be implemented as a theoretical model, unlessit can be checked that
it is not in stark contradiction comparedto the casewhere all di®erencequotients are
replacedby di®erential quotients. There are processesin agriculture and biology where
discrete time analysisis reasonableby itself, but this statement doesnot carry over to
the macrolevel of industrialized economies,where staggeredprice and wage setting is
not restricted to four points in time within a year, and where thereforean assumption
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of this type can give rise to instabilit y results simply due to over-synchronization and a
lack of smoothness,aspects that are very questionablefrom an macroeconomicpoint of
view. We concludethat the lack of determinacyin continuoustime is alsoa problem for
the discretetime analoguethat should not be overcomeby making the period length so
large that stable processesare in fact turned into unstableones.

There area variety of critical arguments raisedin the literature againstthe New Phillips
Curve (NPC) of the baseline model of Keynesian macrodynamics, see in particular
Mankiw (2001)and recently Eller and Gordon(2003)for particularly strongstatements.2

Theseand other criticisms in our view will also apply to the above extendedwageand
price dynamics. In order to overcometheseand other critiques we here proposesome
modi¯cations to the above presentation of the wage-pricedynamics which will remove
from it completely the questionablefeature of a sign reversal for the role of output and
wagegaps. This sign reversal is causedby the fact that future valuesof the considered
state valuesareusedon the right hand sideof their determiningequations,which implies
that the time rates of changeof thesevariablesdepend on output and wagegapswith a
reversedsign in front on them. Thesesign reversalsare at the root of the problem when
the empirical relevanceof such NPC's is investigated. We instead will make useof the
following expectationsaugmented wageand price Phillips curves:

d ln wt+1
W P C= · wd ln pt+1 + (1 ¡ · w)¼m

t + ¯ wy ln Yt ¡ ¯ w! ln ! t ];

d ln pt+1
P P C= · pd ln wt+1 + (1 ¡ · p)¼m

t + ¯ py ln Yt + ¯ p! ln ! t ]:

We have modi¯ed the New Keynesianapproach to wageand price dynamicshere only
with respect to the terms that concernexpectations,in order to generatethe potential for
a wage-pricespiral. We ¯rst assumethat expectations formation is of a crossover type,
with perfectly foreseenprice in°ation in the wagePC of workers and perfectly foreseen
wage in°ation in the price PC of ¯rms. Furthermore, we make use in this regard of a
neoclassicaldating in the consideredPC's, which meansthat { as is usually the case
in the reducedform PC { we have the samedating for expectations and actual wage
and price formation on both sidesof the PC's. Finally, following Chiarella and Flaschel
(1996),we assumeexpectationsformation to be of a hybrid type, wherea certain weight
is given to current (perfectly foreseen)in°ation rates and the counterweight attached
to a concept that we have dubbed the in°ationary climate ¼m that is surrounding the
currently evolving wage-pricespiral. We thus assumethat workers as well as ¯rms to
a certain degreepay attention to whether the current situation is embeddedin a high
in°ation regimeor in a low in°ation one.

These relatively straightforward modi¯cations of the New Keynesianapproach to ex-
pectations formation will imply for the dynamicsof what we call a matured traditional
Keynesianapproach { to be completedin the next section{ radically di®erent solutions
and stabilit y features,with in particular no needto single out the steady state as the
only relevant situation for economicanalysisin the deterministic set-uphereconsidered.
Concerningmicrofoundationsfor the assumedwage-pricespiral we hereonly note that
the wage PC can be microfounded as in Blanchard and Katz (1999), using standard

2With respect to the New Phillips curve it is stated in Mankiw (2001): "Although the new Keynesian
Phillips curveshas many virtues, it also has one striking vice: It is completely at odd with the facts."
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labor market theories,giving rise to nearly exactly the form shown above (with the un-
employment gap in the placeof the logarithm of the output gap) if hybrid expectations
formation is in addition embeddedinto their approach. Concerningthe price PC a sim-
ilar proceduremay be applied basedon desiredmarkups of ¯rms. Along theselines one
in particular getsan economicmotivation for the inclusion of { indeedthe logarithm of
{ the real wage(or wageshare)with negative sign into the wagePC and with positive
sign into the price PC, without any needfor loglinear approximations. We furthermore
use the (un-)employment gap and the capacity utilization gap in these two PC's, re-
spectively, in the place of a single measure(the log of the output gap). We conclude
that the above wage-pricespiral is an interesting alternative to the { theoretically rarely
discussedand empirically questionable{ New Keynesianform of wage-pricedynamics.
This wage-pricespiral will be embedded into a complete Keynesian approach in the
next section, exhibiting a dynamic IS-equation as in Rudebusch and Svensson(1999),
but now alsoincluding real wagee®ectsand thus a role for incomedistribution, exhibit-
ing furthermore Okun's law as the link from goods to labor markets, and exhibiting of
coursethe classicaltype of a Taylor interest rate policy rule in the placeof an LM-curve.

3 Keynesian disequilibrium dynamics: Empirical re-
form ulation of a baseline mo del

In this sectionwe reformulate the theoretical disequilibrium model of AS-AD growth of
Asada, Chen, Chiarella and Flaschel (2004) in order to obtain a somewhatsimpli¯ed
version that is more suitable for empirical estimation and for the study of the role of
contemporary interest rate policy rules. We dispensewith the LM curve of the original
approach and replaceit hereby a Taylor type policy rule. In addition we usedynamic
IS as well as employment equations in the place of the originally static ones, where
with respect to the former the dependenceof consumption and investment on income
distribution now only appears in an aggregatedformat. We use Blanchard and Katz
(1999) error correction terms both in the wage and the price Phillips curve and thus
give income distribution a role to play in wage as well as in price dynamics. Finally,
we will again have in°ationary inertia in a world of myopic perfect foresight through
the inclusion of a medium-run variable, the in°ationary climate in which the economy
is operating, and its role for the wage- price dynamicsof the consideredeconomy.

We start from the observation that a Keynesianmodel of aggregatedemand°uctuations
should (independently of whether justi¯cation can be found for this in Keynes'General
Theory) allow for under- (or over-)utilized labor as well ascapital in order to be general
enoughfrom the descriptive point of view. As Barro (1994) for exampleobserves, IS-
LM is (or should be) basedon imperfectly °exible wagesand prices and thus on the
considerationof wage as well as price Phillips Curves. This is preciselywhat we will
do in the following, augmented by the observation that alsomedium-run aspectscount
both in wageand price adjustments, hereformulated in simpleterms by the introduction
of the conceptof an in°ation climate. We have moreover model-consistent expectations
with respect to short-run wageand price in°ation. The modi¯cation of the traditional
AS-AD model that we shall considerthus treats { asalready described in the preceding
section { expectations in a hybrid way, with crossover myopic perfect foresight of the
currently evolving rates of wage and price in°ation on the one hand and an adaptive
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updating of an in°ation climate expressionwith exponential or any other weighting
schemeson the other hand.

We consequently assume,seealsothe precedingsection,two Phillips Curvesin the place
of only one. In this way, we can discusswageand price dynamicsseparatelyfrom each
other, in their structural forms, now indeedboth basedon their own measureof demand
pressure,namelyV l ¡ ¹V l ; V c¡ ¹V c, in the market for labor and for goods, respectively. We
heredenoteby V l the rate of employment on the labor market and by ¹V l the NAIRU-
level of this rate, and similarly by V c the rate of capacity utilization of the capital stock
and ¹V c the normal rate of capacity utilization of ¯rms. Thesedemandpressurein°uences
on wageand price dynamics,or on the formation of wageand price in°ation rates, ŵ; p̂;
are both augmented by a weighted averageof corresponding cost-pressureterms, based
on forward looking myopic perfect foresight p̂;ŵ; respectively, and a backward looking
measureof the prevailing in°ationary climate, symbolized by ¼m .

Wethereby arriveat the following two Phillips Curvesfor wageand price in°ation, which
in this coreversionof KeynesianAS-AD dynamicsare { from a qualitativ e perspective
{ formulated in a fairly symmetric way.3 We stress that we include forward-looking
behavior here,without the needfor an application of the jump variable technique of the
rational expectations school in generaland the New Keynesianapproach in particular
as will be shown in the next section.4

The structural form of the wage-pricedynamics:

ŵ = ¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o) + · w p̂ + (1 ¡ · w)¼m ; (1)

p̂ = ¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o) + · pŵ + (1 ¡ · p)¼m : (2)

Somewhatsimpli¯ed versionsof thesetwo Phillips curveshave beenestimated for the
US-economy in various ways in Flaschel and Krolzig (2004), Flaschel, Kauermann and
Semmler (2004) and Chen and Flaschel (2004) and have been found to represent a
signi¯cant improvement over the conventional single reduced-formPhillips curve. A
particular ¯nding wasthat wage°exibilit y wasgreaterthan price °exibilit y with respect
to their demandpressuremeasurein the market for goods and for labor,5 respectively,
and workers were more short-sighted than ¯rms with respect to their cost pressure
terms. Note that such a ¯nding is not possiblein the conventional framework of a single
reduced-formPhillips curve. In°ationary expectationsover the mediumrun, ¼m , i.e., the
in°ationary climate in which current in°ation is operating, may be adaptively following
the actual rate of in°ation (by use of somelinear or exponential weighting scheme),
may be basedon a rolling sample(with hump-shaped weighting schemes),or on other

3With respect to empirical estimation onecould also add the role of labor productivit y growth. But
this will not be done here in order to concentrate on the cycle component of the model, causedby
changing incomedistribution in a world of stablegoodsmarket and interest rate dynamics. With respect
to the distinction betweenreal wagesand unit wagecostswe shall therefore detrend the corresponding
time seriessuch that the following typesof PC's can still be applied.

4For a detailed comparison with the New Keynesian alternativ e to our model type seeChiarella,
Flaschel and Franke (2004).

5For lack of better terms we associate the degreeof wage and price °exibilit y with the size of the
parameters¯ w1 ; ¯ p1 , though of coursethe extent of these°exibilities will also depend on the sizeof the
°uctuations of the excessdemandsin the market for labor and for goods, respectively.
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possibilities for updating expectations. For simplicity of the exposition we shall make
useof the conventional adaptive expectationsmechanism in the theoretical part of this
paper, namely

_¼m = ¯ ¼m (p̂ ¡ ¼m ): (3)

Note that for our current versionof the wage-pricespiral, the in°ationary climate variable
doesnot matter for the evolution of the real wage! = w=p , the law of motion of which
is given by (with · = 1=(1 ¡ · w · p)):

!̂ = · [(1 ¡ · p)(¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o)) ¡ (1 ¡ · w)(¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o))];

This follows easily from the following obviously equivalent representation of the above
two PC's,

ŵ ¡ ¼m = ¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o) + · w(p̂ ¡ ¼m );

p̂ ¡ ¼m = ¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o)) + · p(ŵ ¡ ¼m );

by solving for the variablesŵ ¡ ¼m and p̂ ¡ ¼m : It also implies the following two across-
markets or reducedform PC's:

p̂ = · [¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o) + · p(¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o))] + ¼m ;

ŵ = · [¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o)) + · w(¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o))] + ¼m ;

which represent a considerablegeneralizationof the conventional view of a single-market
price PC with only onemeasureof demandpressure,the one in the labor market.

The remaining laws of motion of the private sectorof the model are as follows:

V̂ c = ¡ ®V c (V c ¡ ¹V c) § ®! (ln ! ¡ ln ! o) ¡ ®r ((r ¡ p̂) ¡ (r o ¡ ¹¼)); (4)

V̂ l = ®V l
1
(V c ¡ ¹V c) + ®V l

2
V̂ c: (5)

The ¯rst law of motion is of the type of a dynamic IS-equation, seealso Rudebusch
and Svensson(1999) in this regard,hererepresented by the growth rate of the capacity
utilization rate of ¯rms. It has three important characteristics;(i) it re°ects the depen-
denceof output changeson aggregateincomeand thuson the rate of capacity utilization
by assuminga negative, i.e., stabledynamic multiplier relationship in this respect, (ii) it
shows the joint dependenceof consumptionand investment on the real wage(which in
the aggregatemay in principle allows for positive or negative signsbeforethe parameter
®! ; depending on whether consumption or investment is more responsive to real wage
changes),and (iii) it shows ¯nally the negative in°uence of the real rate of interest on
the evolution of economicactivit y. Note herethat wehavegeneralizedthis law of motion
in comparisonto the one in the original baselinemodel of Asada, Chen, Chiarella and
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Flaschel (2004), sincewe now allow for the possibility that also consumption,not only
investment, dependson incomedistribution asmeasuredby the real wage. We note that
we alsouseln ! in the dynamic multiplier equation,sincethis variable will be usedlater
on to estimate this equation.

In the secondlaw of motion, for the rate of employment, weassumethat the employment
policy of ¯rms follows { in the form of a generalizedOkun Law { the rate of capacity
utilization (and the thereby implied rate of over- or underemployment of the employed
workforce) partly with a lag (measuredby 1=¯ V l

1
), and partly without a lag (through a

positive parameter®V l
2
). Employment is thus assumedto adjust to the level of current

activit y in somewhatdelayed form which is a reasonableassumptionfrom the empirical
point of view. The secondterm, ®V l

2
V̂ c, is addedto take account of the possibility that

Okun's Law may hold in level form rather than in the form of a law of motion, since
this latter dependencecan be shown to be equivalent to the useof a term (V c=¹V c)

®
V l

2

when integrated, i.e., the form of Okun's law in which this law was originally speci¯ed
by Okun (1970) himself.

The above two laws of motion therefore reformulate in a dynamic form the static IS-
curve (and the employment this curve implies) that wasusedin Asada,Chen, Chiarella
and Flaschel (2004). They only re°ect implicitly the there assumeddependenceof the
rate of capacity utilization on the real wage, due to on smooth factor substitution in
production (and the measurement of the potential output this implies in Asada, Chen,
Chiarella and Flaschel (2004))), which constitutes another positive in°uence of the real
wageon the rate of capacity utilization and its rate of change. This simpli¯cation helps
to avoid the estimation of separateequationsfor consumptionand investment C; I and
for potential output Y p.

Finally, weno longerto employ herea law of motion for real balancesaswasstill the case
in Asada, Chen, Chiarella and Flaschel (2004). Money supply is now accommodating
to the interest rate policy pursuedby the central bank and thus doesnot feedback into
the core laws of motion of the model. As interest rate policy we assumethe following
classicaltype of Taylor rule:

r ¤ = (ro ¡ ¹¼) + p̂ + ®p(p̂ ¡ ¹¼) + ®V c (V c ¡ ¹V c) (6)

_r = ®r (r ¤ ¡ r ) (7)

The target rate of the central bank r ¤ is heremadedependent on the steady state real
rate of interest augmented by actual in°ation back to a nominal rate, and is as usually
dependent on the in°ation gapand the capacity utilization gap(asmeasureof the output
gap). With respect to this target there is then interest rate smoothing with strength ®r :
Inserting r ¤ and rearranging terms we get from this expressionthe following from of a
Taylor rule

_r = ¡ ° r (r ¡ ro) + °p(p̂ ¡ ¹¼) + °V c (V c ¡ ¹V c) (8)

wherewe have ° r = ®r ; °p = ®r (1 + ®p); i:e:; ®p = °p=®r ¡ 1 and °V c = ®r ®V c :
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We thus allow now for interest rate smoothing in this rule in contrast to section 2.
Furthermore, the actual (perfectly foreseen)rate of in°ation p̂ is used to measurethe
in°ation gap with respect to the in°ation target ¹¼ of the central bank. Note ¯nally
that we could have included (but have not done this here yet) a new kind of gap into
the above Taylor rule, the real wage gap, since we have in our model a dependence
of aggregatedemand on income distribution and the real wage. The state of income
distribution matters for the dynamicsof our model and thus should also play a role in
the decisionsof the central bank. All of the employed gapsare measuredrelative to the
steadystate of the model, in order to allow for an interest rate policy that is consistent
with it.

We note that the steady state of the dynamics, due to its speci¯c formulation, can be
suppliedexogenously. For reasonsof notational simplicity wechoose:V c

o = ¹V c = 1; V l
o =

¹V l = 1; ! o = 1; ¼m
o = ¹¼= 0:005; r o = 0:02 in the later estimation of the model by means

of quarterly US-data. As the model is formulated now it exhibits ¯v e gaps,to be closed
in the steady state and has ¯v e laws of motion, which when set equal to zero, exactly
imply this result, sincethe determinant of the Jacobianof the dynamicsis shown to be
always non-zeroin the next sectionof the paper. Note ¯nally that the model becomes
a linear onewhen utilization gapsare approximated by logsof utilization rates.

The steadystate of the dynamicsis locally asymptotically stableunder certain sluggish-
nessconditions that are reasonablefrom a Keynesianperspective, losesits asymptotic
stabilit y cyclically (by way of so-calledHopf-bifurcations) if the systembecomestoo °ex-
ible, and becomessooner or later globally unstable if (generally speaking) adjustment
speedsbecometoo high, as we shall show below. If the model is subject to explosive
forces,it requiresextrinsic nonlinearities in economicbehavior { like downward money
wagerigidit y { to manifest themselvesat least far o®the steadystate in order to bound
the dynamics to an economicallymeaningful domain in the considered5D state space.
Chen,Chiarella, Flaschel and Hung (2004)provide a variety of numericalstudiesfor such
an approach with extrinsically motivated nonlinearities and thus undertake its detailed
numerical investigation. In sum, therefore,our dynamic AS-AD growth model hereand
there will exhibit a variety of features that are much more in line with a Keynesian
understandingof the characteristicsof the trade cycle than is the casefor the conven-
tional modelling of AS-AD growth dynamics or its radical reformulation by the New
Keynesians(where { if non-determinacycan be avoided by the choiceof an appropriate
Taylor rule { only the steadystate position is a meaningfulsolution in the related setup
we consideredin the precedingsection).

Taken together the model of this section consistsof the following ¯v e laws of motion
(with the derived reducedform expressionsas far as the wage-pricespiral is concerned
and with reducedform expressionsby assumptionconcerningthe goods and the labor
market dynamics):6

6As the model is formulated wehaveno real anchor for the steadystate rate of interest (via investment
behavior and the rate of pro¯t it implies in the steady state) and thus have to assumehere that it is
the monetary authorit y that enforcesa certain steady state valuesfor the nominal rate of interest.
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V̂ c D yn:I S
= ¡ ®V c (V c ¡ ¹V c) § ®! (ln ! ¡ ln ! o) ¡ ®r ((r ¡ p̂) ¡ (r o ¡ ¹¼)); (9)

V̂ l O:Law= ¯ V l
1
(V c ¡ ¹V c) + ¯ V l

2
V̂ c; (10)

_r T:Rul e= ¡ ° r (r ¡ ro) + °p(p̂ ¡ ¹¼) + °V c (V c ¡ ¹V c); (11)

!̂ RW P C= _µ = · [(1 ¡ · p)(¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o))

¡ (1 ¡ · w)(¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o))]; µ = ln ! (12)

_¼m I :C l imate= ¯ ¼m (p̂ ¡ ¼m ) or; (13)

¼m (t) = ¼m (to)e¡ ¯ ¼m (t ¡ to ) + ¯ ¼m

Z t

to

e¯ ¼m (t ¡ s) p̂(s)ds:

The above equationsrepresent, in comparisonto the baselinemodel of New Keynesian
macroeconomics,the IS goods market dynamics(7), hereaugmented by Okun's Law as
link between the goods and the labor market (8), and of coursethe Taylor Rule (9),
and a law of motion (10) for the real wage !̂ = ¼w ¡ ¼p that makes use of the same
explainingvariablesasthe NewKeynesianoneconsideredin section2 (but with in°ation
rates in the placeof their time rates of changeand with no accompanying sign reversal
concerningthe in°uence of output and wagegaps), and ¯nally the law of motion (11)
that describes the updating of the in°ationary climate expression.7 We have to make
use in addition of the following reducedform expressionfor the price in°ation rate or
the price PC, our law of motion for the price level p in the placeof the New Keynesian
law of motion for the price in°ation rate ¼p:

p̂ = · [¯ p1 (V c ¡ ¹V c) + ¯ p2 (ln ! ¡ ln ! o)

+ · p(¯ w1 (V l ¡ ¹V l ) ¡ ¯ w2 (ln ! ¡ ln ! o))] + ¼m ; (14)

which has to be inserted into the above laws of motion in various placesin order to get
an autonomousnonlinearsystemof di®erential equationsin the state variables: capacity
utilization V c, the rate of employment V l , the nominal rate of interest r; the real wage
rate ! ; and the in°ationary climate expression¼m : We stressthat onecan considerthe
eq. (14) as a sixth law of motion of the considereddynamics which however { when
added| leadsa systemdeterminant which is zeroand which thereforeallows for zero-
root hysteresisfor certain variablesof the model (in fact in the price level if the target
rate of in°ation of the Central Bank is zero and if interest rate smoothing is present
in the Taylor rule). We have written the laws of motion in an order that ¯rst presents
the dynamic equationsalso present in the baselineNew Keynesianmodel of in°ation
dynamics,and then our formulation of the dynamicsof incomedistribution and of the
in°ationary climate in which the economy is operating.

With respect to the empirically motivated restructuring of the original theoretical frame-
work, the model is aspragmatic as the approach employed by Rudebusch and Svensson

7In correspondenceto the Blanchard and Katz error correction terms in our wage and price PC,
we here make also use of the log of the real wage in the law of motion which describes goods market
dynamics, partly due also to our later estimation of the model.
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(1999). By and large we believe that it represents a working alternative to the New
Keynesianapproach, in particular when the current critique of the latter approach is
taken into account. It overcomesthe weaknessesand the logical inconsistenciesof the
old Neoclassicalsynthesis, seeAsada, Chen, Chiarella and Flaschel (2004), and it does
soin a minimal way from a mature, but still traditionally oriented Keynesianperspective
(and is thus not really 'New'). It preservesthe problematic stabilit y featuresof the real
rate of interest channel, where the stabilizing Keynese®ector the interest rate policy
of the central bank is interacting with the destabilizing, expectations driven Mundell
e®ect.It preservesthe real wagee®ectof the old Neoclassicalsynthesis,where{ due to
an unambiguouslynegative dependenceof aggregatedemandon the real wage{ we had
that price °exibilit y was destabilizing, while wage °exibilit y was not. This real wage
channel is not really discussedin the New Keynesianapproach, due to the speci¯c form
of wage-pricedynamicsthere considered,seethe precedingsection,and it is summarized
in the ¯gure 1 for the situation where investment dominatesconsumptionwith respect
to real wagechanges. In the opposite case,the situations consideredin this ¯gure will
be reversedwith respect to their stabilit y implications.

Asset
Markets:

Depressed
Goods Markets

Depressed
Labor Markets

wages

prices

Normal Rose Effect (example):

interest rates

investment

aggregate demand

Recovery!

Recovery!

  real
 wages
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?

Asset
Markets:

Depressed
Goods Markets

Depressed
Labor Markets

wages

prices

Adverse Rose Effect (example):

interest rates

investment

aggregate demand

Further

Further

  real
 wages

consumption

?

Figure 1: The Rosee®ects:The real wagechannel of Keynesianmacrodynamics.

The feedback channelsjust discussedwill be the focus of interest in the now following
stabilit y analysisof our D(isequilibrium)AS-D(isequilibrium)AD dynamics. Wehaveem-
ployed reduced-formexpressionsin the above systemof di®erential equationswhenever
possible. We have thereby obtained a dynamical system in ¯v e state variables that is
in a natural or intrinsic way nonlinear (due to its relianceon growth rate formulations).
We note that there are many items that reappear in various equations,or are similar to
each other, implying that stabilit y analysiscan exploit a variety of linear dependencies
in the calculation of the conditionsfor local asymptotic stabilit y. This dynamical system
will be investigatedin the next sectionin somewhatinformal terms with respect to some
stabilit y assertionsto which it givesrise. A rigorous proof of local asymptotic stabilit y
and its loss by way of Hopf bifurcations can be found in Asada, Chen, Chiarella and
Flaschel (2004), there for the original baselinemodel. For the present model variant we
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supply a more detailed stabilit y proofs in Chen, Chiarella, Flaschel and Hung (2004),
wherealsomore detailed numerical simulations of the model are provided.

4 5D Feedback-guided stabilit y analysis

In this section we illustrate an important method to prove local asymptotic stabilit y
of the interior steady state of the dynamical system(9) { (13) (with eq. (14) inserted
wherever needed)through partial considerationsfrom the feedback chains that charac-
terize this empirically oriented baselinemodel of Keynesiandynamics. Sincethe model
is an extensionof the standard AS-AD growth model, we know from the literature that
there is a real rate of interest e®ecttypically involved, ¯rst analyzedby formal meth-
ods in Tobin (1975), seealso Groth (1992). Instead of the stabilizing Keynes-e®ect,
basedon activit y-reducingnominal interest rate increasesfollowing price level increases,
we have here however a direct steeringof economicactivit y by the interest rate policy
of the central bank. Sincethe (correctly anticipated) short-run real rate of interest is
driving investment and consumptiondecisions(increasesleadingto decreasedaggregate
demand),there is furthermore the activit y stimulating (partial) e®ectof increasesin the
rate of in°ation (as part of the real rate of interest channel) that may lead to acceler-
ating in°ation under appropriate conditions. This is the so-calledMundell-e®ectthat
normally works in opposition to the Keynes-e®ect,but through the samereal rate of
interest channel as this latter e®ect. Due to our use of a Taylor rule in the place of
the conventional LM curve, the Keynes-e®ectis here implemented in a more direct way
towardsa stabilization of the economy (coupling nominal interest ratesdirectly with the
rate of price in°ation) and it is supposedto work more strongly the larger the choiceof
the parameters° p; °V c . The Mundell-e®ectby contrast is stronger the faster the in°a-
tionary climate adjusts to the present level of price in°ation, sincewe have a positive
in°uence of this climate variable both on price as well as on wage in°ation and from
there on rates of employment of both capital and labor.

There is a further important potentially (at leastpartially) destabilizingfeedback mech-
anism as the model is formulated. Excesspro¯tabilit y dependspositively on the rate
of return on capital and thus negatively on the real wage! : We thus get { sincecon-
sumption may also depend (positively) on the real wage{ that real wageincreasescan
depressor stimulate economicactivit y dependingon whether investment or consumption
is dominating the outcomeof real wageincreases(we hereneglectthe stabilizing role of
the additional Blanchard and Katz type error correction mechanisms). In the ¯rst case,
we get from the reduced-formreal wagedynamics:

!̂ = · [(1 ¡ · p)¯ w1 (V l ¡ ¹V l ) ¡ (1 ¡ · w)¯ p1 (V c ¡ ¹V c)];

that price °exibilit y should be bad for economicstabilit y, due to the minus sign in
front of the parameter ¯ p; while the opposite should hold true for the parameter that
characterizeswage°exibilit y. This is a situation that was already investigatedin Rose
(1967). It gives the reasonfor our statement that wage°exibilit y givesrise to normal,
and price °exibilit y to adverse,Rosee®ectsas far as real wage adjustments are con-
cerned(if it is assumed{ as in our theoretical baselinemodel { that only investment
dependson the real wage). Besidesreal rate of interest e®ects,establishingopposing
Keynes-and Mundell-e®ects,we thus have also another real adjustment processin the
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consideredmodel wherenow wageand price °exibilit y are in opposition to each other,
seeChiarella and Flaschel (2000)and Chiarella, Flaschel, Groh and Semmler(2000) for
further discussionof theseas well as of other feedback mechanismsof such Keynesian
growth dynamics. We observe again that our theoretical DAS-AD growth dynamics in
Asada, Chen, Chiarella and Flaschel (2004) { due to their origin in the baselinemodel
of the NeoclassicalSynthesis,stageI { allows for negative in°uenceof real wagechanges
on aggregatedemandsolely, and thusonly for casesof destabilizingwagelevel °exibilit y,
but not price level °exibilit y. In the empirical estimation of the model (9) { (13) we will
indeed ¯nd that this caseseemsto be the one that characterizesour empirically and
broader oriented dynamics(9) { (13).

The foregoingdiscussionenhancesour understandingof the feedback mechanismsof the
dynamicalsystem(9) { (13) whosestabilit y propertieswill now be investigatedby means
of varying adjustment speed parametersappropriately. With the feedback scenarios
consideredabove in mind, we ¯rst observe that the in°ationary climate can be frozen
at its steady state value, ¼m

o = ¹¼; if ¯ ¼m = 0 is assumed.The systemthereby becomes
4D and it can indeedbe further reducedto 3D if in addition ®! = 0; ¯ w2 = 0; ¯ p2 = 0
is assumed,since this decouplesthe ! -dynamics from the remaining systemdynamics
V c; V l ; r: We will considerthe stabilit y of these3D subdynamics { and its subsequent
extensions{ in informal termsonly here,reservingrigorouscalculationsto the alternative
scenariosprovided in Chen, Chiarella, Flaschel and Hung (2004). We neverthelesshope
to be able to demonstrateto the readerhow onecan indeedproceedsystematicallyfrom
low to high dimensionalanalysisin such stabilit y investigationsfrom the perspective of
the partial feedback channelsimplicitly contained in the considered5D dynamics. This
method hasbeenalready applied successfullyto various other, often more complicated,
dynamical systems;seeAsada, Chiarella, Flaschel and Franke (2003) for a variety of
typical examples.

Beforewestart with our stabilit y investigationsweestablishthe fact that for the dynami-
cal system(7)-(11) lossof stabilit y canin generalonly occur by way of Hopf-bifurcations,
sincethe following proposition can be shown to hold true under mild { empirically plau-
sible { parameter restrictions.

Prop osition 1:

Assumethat the parameter ° r is chosensu±ciently small and that the pa-
rameters¯ w2 ; ¯ p2 ; · p ful¯l l ¯ p2 > ¯ w2 · p. Then: The 5D determinant of the
Jacobian of the dynamics at the interior steady state is alwaysnegative in
sign.

Sketch of pro of: We have for the sign structure in the Jacobian under the given
assumptionsthe following situation to start with (we hereassumeas limiting situation
° r = 0 and have already simpli¯ed the law of motion for V l by meansof the one for
V c through row operations that are irrelevant for the size of the determinant to be
calculated):

J =

0

B
B
B
B
@

§ + ¡ § +
+ 0 0 0 0
+ + 0 + +
¡ + 0 ¡ 0
+ + 0 + 0

1

C
C
C
C
A

:
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We note that the ambiguoussign in the entry J11 in the above matrix is due to the fact
that the real rate of interest is a decreasingfunction of the in°ation rate which in turn
dependspositively on current rates of capacity utilization.

Using the secondrow and the last row in their dependenceon the partial derivativesof
p̂ we can reducesthis Jacobianto

J =

0

B
B
B
B
@

0 0 ¡ § +
+ 0 0 0 0
0 0 0 0 +
0 + 0 ¡ 0
0 + 0 + 0

1

C
C
C
C
A

without change in the sign of its determinant. In the sameway we can now use the
third row to get another matrix without any change in the sign of the corresponding
determinants

J =

0

B
B
B
B
@

0 0 ¡ § 0
+ 0 0 0 0
0 0 0 0 +
0 + 0 ¡ 0
0 + 0 + 0

1

C
C
C
C
A

The last two columnscan under the observed circumstancesbe further reducedto

J =

0

B
B
B
B
@

0 0 ¡ § 0
+ 0 0 0 0
0 0 0 0 +
0 + 0 0 0
0 0 0 + 0

1

C
C
C
C
A

which ¯nally gives

J =

0

B
B
B
B
@

0 0 ¡ 0 0
+ 0 0 0 0
0 0 0 0 +
0 + 0 0 0
0 0 0 + 0

1

C
C
C
C
A

:

This matrix is easily shown to exhibit a negative determinant which provesthe propo-
sition, also for all valuesof ° r which are chosensu±ciently small.

Prop osition 2:

Assumethat the parameters ¯ w2 ; ¯ p2 ; ®! and ¯ ¼m are all set equal to zero.
This decouplesthe dynamicsof V c; V l ; r from the rest of the system.Assume
furthermore that the partial derivative of the ¯rst law of motion (7) depends
negativelyon V c; i.e., ®V c > ®r ·¯ p1 , so that the dynamic multiplier process,
characterized by ®V c ; dominatesthis law of motion with respect to the overall
impact of the rate of capacity utilization V c: Then: The interior steady state
of the implied 3D dynamical system

V̂ c = ¡ ®V c (V c ¡ ¹V c) ¡ ®r ((r ¡ p̂) ¡ (r o ¡ ¹¼)); (15)

V̂ l = ¯ V l
1
(V c ¡ ¹V c); (16)

_r = ¡ ° r (r ¡ ro) + °p(p̂ ¡ ¹¼) + °V c (V c ¡ ¹V c); (17)
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is locally asymptotically stable if the interest rate smoothing parameter ° r

and the employmentadjustmentparameter ¯ V l are chosensu±ciently small
in addition.

Sketch of pro of: In the consideredsituation we have for the Jacobianof thesereduced
dynamicsat the steadystate:

J =

0

@
¡ + ¡
+ 0 0
+ + ¡

1

A

The determinant of this Jacobian is obviously negative if the parameter ° r is chosen
su±ciently small. Similarly, the sum of the minors of order 2: a2, will be positive if ¯ V l

is chosensu±ciently small. The validit y of the full setof Routh-Hurwitz conditions then
easily follows, sincetrace J = ¡ a1 is obviously negative and sincedet J is part of the
expressionsthat characterizethe product a1a2:

Prop osition 3:

Assumenow that the parameter®! is negative, but chosensu±ciently small,
while the error correction parameters ¯ w2 ; ¯ p2 are stil l kept at zero. Then:
The interior steady state of the resulting 4D dynamical system(where the
state variable ! is now included)

V̂ c = ¡ ®V c (V c ¡ ¹V c) ¡ ®! (ln ! ¡ ln ! o) ¡ ®r ((r ¡ p̂) ¡ (r o ¡ ¹¼));(18)

V̂ l = ¯ V l
1
(V c ¡ ¹V c); (19)

_r = ¡ ° r (r ¡ ro) + °p(p̂ ¡ ¹¼) + °V c (V c ¡ ¹V c); (20)

!̂ = · [(1 ¡ · p)¯ w1 (V l ¡ ¹V l ) ¡ (1 ¡ · w)¯ p1 (V c ¡ ¹V c); (21)

is locally asymptotically stable.
Sketch of pro of: It su±ces to show in the consideredsituation that the determinant
of the resulting Jacobian at the steady state is positive, since small variations of the
parameter®! must then move the zeroeigenvalue of the case®! = 0 into the negative
domain, while leaving the real parts of the other eigenvalues{ shown to be negative in
the precedingproposition { negative. The determinant of the Jacobianto be considered
here{ already slightly simpli¯ed { is characterizedby

J =

0

B
B
@

0 + ¡ ¡
+ 0 0 0
0 + ¡ 0
0 + 0 0

1

C
C
A :

This can be further simpli¯ed to

J =

0

B
B
@

0 0 0 ¡
+ 0 0 0
0 0 ¡ 0
0 + 0 0

1

C
C
A

without changein the sign of the corresponding determinant which provesthe proposi-
tion.
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We note that this proposition also holds where ¯ p2 > ¯ w2 · p holds true as long as the
thereby resulting real wagee®ectis weaker than the oneoriginating from ®! : Finally {
and in sum { we can also state that the full 5D dynamics must also exhibit a locally
stable steady state if ¯ ¼m is madepositive, but chosensu±ciently small, sincewe have
alreadyshown that the full 5D dynamicsexhibits a negative determinant of its Jacobian
at the steady state under the stated conditions. Increasing¯ ¼m from zero to a small
positive value thereforemust mover the corresponding zeroeigenvalue into the negative
domain of the plane of complexnumbers.

Summing up, we can state that a weak Mundell e®ect,the neglect of Blanchard-Katz
error correction terms, a negative dependenceof aggregatedemandon real wages,cou-
pled with nominal wageand alsoto someextent price level inertia (in order to allow for
dynamic multiplier stabilit y ), a sluggishadjustment of the rate of employment towards
actual capacity utilization and a Taylor rule that stressesin°ation targeting therefore
are here(for example)the basic ingredients that allow for the proof of local asymptotic
stabilit y of the interior steadystate of the dynamics(9) { (13). We expect however that
indeeda variety of other and alsomoregeneralsituations of convergent dynamicscanbe
found, but have to leave this here for future research and numerical simulations of the
model. Insteadwenow attempt to estimatethe signsand alsothe sizesof the parameters
of the model in order to gain insight into the question to what extent for examplethe
US economy after World War I I supports oneof the real wagee®ectsconsideredin ¯gure
1 and also the possibility of overall asymptotic stabilit y for such an economy, despite
a destabilizing Mundell e®ectin the real interest rate channel. Due to proposition 1
we know that the dynamics will generally only looseasymptotic stabilit y in a cyclical
fashion (by way of a Hopf-bifurcation) and will indeed do so if the parameter ¯ ¼m is
chosensu±ciently large. We thus arrive at a radically di®erent outcome for the dy-
namicsimplied by our mature traditional Keynesianapproach ascomparedto the New
Keynesiandynamics. The question that naturally ariseshere is whether the economy
can be assumedto be in the convergent regimeof its alternative dynamical possibilities.
This of coursecan only be decidedby an empirical estimation of its various parameters
which is the subject of the next section.

5 Estimating the mo del

We now provide someestimatesfor the signsand sizesof the parametersof the model
of this paper and will do so { with respect to the wage-pricespiral { on the level of
its structural form (where it has not yet beenreducedto the dynamics of real wages,
seeeq. (14)). The further aim of these estimates is of courseto determine whether
the equivalent autonomousreducedform 5D dynamics we consideredin the preceding
section{ obtained when equation (14) is inserted into (9) { (13) { exhibits asymptotic
stabilit y of (convergenceto) its interior steadystate position. We proceedin three steps
in this matter, ¯rst by estimating an unrestricted VAR approach for the corevariables
of the model, secondlyby comparingits resultswith a linear structural VAR model that
is a linear approximation of the (weakly) nonlinear model of the theoretical part of the
paper and ¯nally by estimating and evaluating this latter approach in comparisonto
the result achieved in step 2. The central aim of theseestimations is to determine the
signsand sizesof the entries in the Jacobianmatrix of the considereddynamics,which
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indeed will allow us later on to formulate certain speci¯c (in)stabilit y propositions on
the in fact then 4D dynamicsimplied by our estimatesof Okun's law.

In their theoretical form these dynamics exhibit the following sign structure in their
Jacobian,calculatedat its interior steadystate:

J =

0

B
B
B
B
@

§ + ¡ § +
§ + ¡ § +
+ + ¡ § +
¡ + 0 ¡ 0
+ + 0 § 0

1

C
C
C
C
A

:

There are thereforestill a variety of ambiguouse®ectsembeddedin the generaltheoreti-
cal form of the dynamics,due to the Mundell-e®ectand the Rose-e®ectin the dynamics
of the goods-market and the opposing Blanchard-Katz error correction terms in the
reducedform price Phillips curve.

In section 4 we have then consideredcertain special casesof the generalmodel which
allowed for the derivation of asymptotic stabilit y of the steady state and its loss of
stabilit y by way of Hopf bifurcations if certain speed parametersbecomesu±ciently
large. In the present sectionwe now provide empirical estimatesfor the laws of motion
(9) { (13) of our disequilibrium AS-AD model, by meansof the structural form of the
wageand price Phillips curve, coupledwith the dynamic multiplier equation,Okun's law
and the interest rate policy rule. Theseestimates,on the onehand, serve the purposeof
con¯rming the parametersignswehavespeci¯ed in the initial theory-guidedformulation
of the model and to determine the sizesof theseparametersin addition. On the other
hand, we have three di®erent situations wherewe cannot specify the parametersignson
purely theoretical groundsand wherewe thereforeaim at obtaining thesesignsfrom the
empirical estimatesof the equationswhenever this happens.

There is ¯rst of all, seeeq. (9), the ambiguousin°uence of real wageson (the dynamics
of) the rate of capacity utilization, which shouldbe a negative oneif investment is more
responsivethan consumptionto realwagechangesanda positiveonein the oppositecase.
There is secondly, with an immediate impact e®ectif the ratesof capacity utilization for
capital and labor are perfectly synchronized,the fact that real wagesrise with economic
activit y through moneywagechangeson the labor market, while they fall with it through
price level changeson the goods market, seeeq. (11). Finally, we have in the reduced
form equationfor price in°ation a further ambiguouse®ectof real wageincreases,which
there lower p̂ through their e®ecton wagein°ation, while speedingup p̂ through their
e®ecton price in°ation, e®ectswhich work into opposite directions in the reducedform
price PC (14). Mundell-type, Rose-type and Blanchard-Katz error-correction feedback
channelsthereforemake the dynamicsindeterminate on the generallevel.

In all of thesethree casesempirical analysiswill now indeedprovide us with de¯nite an-
swersasto which onesof theseopposingforceswill be the dominant ones.Furthermore,
we shall also seethat the Blanchard and Katz (1999) error correction terms do play a
role in the US-economy, in contrast to what hasbeenfound out by theseauthors for the
money wage PC in the U.S. However, we will not attempt to estimate the parameter
¯ ¼m that characterizesthe evolution of the in°ationary climate in our economy. Instead,
we will usemoving averageswith linearly declining weights for its representation, which
allows us to bypassthe estimation of the law of motion (13). We considerthis as the
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simplest approach to the treatment of our climate expression(comparablewith recent
New Keynesiantreatments of hybrid expectation formation), which should later on be
replacedby more sophisticatedones,for exampleone that makesuseof the Livingston
index for in°ationary expectationsas in Laxton et al. (2000) which in our view mirrors
someadaptive mechanism in the adjustment of in°ationary expectations.

We take an encompassingapproach to conduct our estimates. The structural laws of
motion of our economy, seesection3, have beenformulated in an intrinsically nonlinear
way (due to certain growth rate formulations). We note that singleequationsestimates
have suggestedthe useof only ®V l

2
in the equation that describes the dynamics of the

employment rate. In the wage-pricespiral we use{ in line with Blanchard and Katz's
theoretical derivation (1999) { the log of unit wage costs, removing their signi¯cant
downward trend in the employed data (see¯gure 2) appropriately. Note hereagain that
we usethe log of the unit wagecostsin the dynamic multiplier equationsas well.

We conduct our estimates in conjunction with time-invariant estimatesof all the pa-
rameters of our model. This in particular implies that Keynes' (1936) explanation of
the trade cycle, which employed systematicchangesin the propensity to consume,the
marginal e±ciency of investment and liquidit y preferenceover the courseof the cycle,
¯nd no application here and that { due the useof detrendedmeasuresfor incomedis-
tribution changesand unit-wagecosts{ also the role of technical changeis downplayed
to a signi¯cant degree,in line with its neglect in the theoretical equationsof the model
presented in section3. As a result we expect to obtain from our estimateslong-phased
economic°uctuations, but not yet long -waves,sinceimportant °uctuations in aggregate
demand(basedon time-varying parameters)are still ignored and sincethe dynamicsis
then driven primarily by slowly changing incomedistribution, indeeda slow processin
the overall evolution of the U.S. economy after World War I I.

To show that such an understandingof the model is a suitable description of (someof)
the dynamics of the observed data, we ¯rst ¯t a corresponding 6D VAR model to the
data to uncover the dynamicsin the six independent variablesthere employed. We then
identify a linear structural model that parsimoniouslyencompassesthe employed VAR.
Finally, we contrast our nonlinear structural model, i.e., the laws of motion (1) to (5) in
structural form (and the Taylor rule), with the linear structural VAR model and show
through a J test8 that the nonlinear model is indeedpreferredby the data. In this way
we show that our (weakly) nonlinear structural model represents a proper descriptionof
the data.

The relevant variables for the following investigation are the wage in°ation rate, the
price in°ation rate, the rates of utilization of labor and of capital, the nominal in-
terest rate, the log of average unit wage cost,9 to be denoted in the following by:
d ln wt ; d ln pt ; V l

t ; V c
t ; r t and uct ; whereuct is the cyclecomponent of the log of the time

seriesfor the unit real wagecost, ¯ltered by the bandpass̄ lter. 10

8SeeDavidson and Mackinnon (1993) for details.
9or alternativ ely the real wagewhich doesnot modify the obtained results in signi¯cant ways.

10For details on the bandpass¯lter seeBaxter and King (1995, 1999).
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5.1 Data Description

The empirical data of the corresponding time seriesare taken from the FederalReserve
Bank of St. Louis data set (seehttp:/www.stls.frb.org/fred). The data are quarterly,
seasonallyadjustedand concernthe period from 1965:1to 2001:2.Except for the unem-
ployment rates of the factors labor, U l , and capital, Uc (and of coursethe interest rate
and the derived in°ation climate) the log of the seriesare usedin table 1 (note however
that the intermediate estimation step of a linear structural VAR makesuseof the logs
of both utilization rates however, seealso their representation in ¯gure 2).

We now useln wt and ln pt , i.e., logarithms, in the placeof the original level magnitudes.
Their ¯rst di®erencesd ln wt ; d ln pt thus give the current rate of wageand price in°ation
(backwardly dated). We use¼12

t in this sectionto denotespeci¯cally a moving average
of price in°ation rates with linearly decreasingweights over the past 12 quarters, inter-
preted as a particularly simple measurefor the in°ationary climate expressionof our
model, and we denoteby V l ; V c(U l ; Uc) the rates of (under-)utilization of labor and the
capital stock.

There is a pronounceddownward trend in part of the employment rate series(over the
1970'sand part of the 1980's)and in the wageshare(normalizedto 0 in 1996). The latter
trend is not the topic of this chapter which concentrates on the cyclical implications of
changedin income distribution. Wage in°ation shows three trend reversals,while the
in°ation climate representation clearly show two periods of low in°ation regimesand in
betweena high in°ation regime.

Variable Transformation Mnemonic Description of the untransformed series
U l = 1 ¡ V l UNRATE/100 UNRATE Unemployment Rate
Uc = 1 ¡ V c 1-CUMFG/100 CUMFG Capacity Utilization: Manufacturing,

Percent of Capacity
ln w ln(COMPNFB) COMPNFB Nonfarm BusinessSector: Compensa-

tion Per Hour, 1992=100
ln p ln(GDPDEF) GDPDEF GrossDomesticProduct: Implicit Price

De°ator, 1996=100
ln yn = ln y ¡ ln ld ln(OPHNFB) OPHNFB Nonfarm BusinessSector; Output Per

Hour of All Persons,1992=100

uc ln
³

C OM P R N F B
OP H N F B

´
COMPRNFB Nonfarm Business Sector: Real Com-

pensation Per Output Unit, 1992=100
d ln yn d ln(OPH N F B ) OPHNFB Growth Rate of Labor Productivit y
r FEDFUNDS FEDFUNDS Federal Funds Rate

Table 1: Data usedfor the empirical investigation

We expect that the 6 independent time seriesfor wages,prices, capacity utilization
rates, the growth rate of labor productivit y and the interest rate (federal funds rate)
are stationary. The graphsof the seriesfor wageand price in°ation, capacity utilization
rates, d ln wt ; d ln pt ; ln V l

t ; ln V c
t seemto con¯rm our expectation. In addition we carry

out the DF unit root test for each series.The test results are shown in table 2.
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Figure 2: The fundamental data of the model (uc bandpass̄ ltered).
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Variable Sample Critical Value Test Statistic
d ln w 1965:01TO 2000:04 -3.41000 -3.74323
d ln p 1965:01TO 2000:04 -3.41000 -3.52360
lnV l 1965:01TO 2000:04 -2.86000 -2.17961
lnV c 1965:01TO 2000:04 -3.41000 -3.92688

r 1965:01TO 2000:04 -2.86000 -2.67530

Table 2: Summary of DF-Test Results

The applied unit root test con¯rms our expectations with the exception of V l and r .
Although the test cannot reject the null of a unit root, there is no reasonto expect the
rate of unemployment and the federal funds rate to be unit root processes.Indeed we
expect that they are constrainedin certain limited ranges,say from zeroto 0.3. Due to
the lower power of the DF test, this test result shouldonly provide hints that the rate of
unemployment and the federal funds rate exhibit strong autocorrelations,respectively.

5.2 Estimation of the unrestricted VAR

Given the assumptionof stationarity, we can construct a VAR model for the 6 variables
of the structural model to mimic their DGP (data generatingprocessof these6 variables)
by linearizing our given structural model in a straightforward way.
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To determine the lag length of the VAR we apply sequential likelihood tests. We start
with a lag length of 24, at which the residualscan be taken aswhite noiseprocess.The
sequencelikelihood ratio test proceduregives a lag length of 11. The test results are
listed below.

² H0 : P = 20 v.s. H1 : P = 24
Chi-Squared(144)=147.13with Signi¯canceLevel 0.91

² H0 : P = 16 v.s. H1 : P = 20
Chi-Squared(144)=148.92with Signi¯canceLevel 0.41

² H0 : P = 12 v.s. H1 : P = 16
Chi-Squared(36)= 118.13with Signi¯canceLevel 0.94

² H0 : P = 11 v.s. H1 : P = 12
Chi-Squared(36)= 42.94with Signi¯canceLevel 0.19

² H0 : P = 10 v.s. H1 : P = 11
Chi-Squared(36)= 51.30518with Signi¯canceLevel 0.04
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According to thesetest results we usea VAR(12) model to represent a generalmodel
that should be a good approximation of the DGP. Becausethe variable uct is treated
asexogenousin the structural form (1) { (8) of the dynamical system, we factorize the
VAR(12) processinto a conditional processof d ln wt ; d ln pt ; ln V l

t ; ln V c
t ; r t given uct and

the laggedvariables,and the marginal processof uct given the laggedvariables:
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We now examine whether uct can be taken as an "exogenous"variable. The partial
system (23) is exactly identi¯ed. Hencethe variable uct is weakly exogenousfor the
parametersin the partial system.11 For the strong exogeneity of uct , we test whether
d ln wt ; d ln pt ; ln V l

t ; ln V c
t ; r t Granger causeuct . The test is carried out by testing the

hypothesis: H0 : aij k = 0; (i = 6; j = 1; 2; 3; 4; 5;k = 1; 2; :::; 12) in (24) basedon the
likelihood ratio

² Chi-Squared(60)=57.714092with Signi¯canceLevel 0.55972955

The result of the test is uct is strongly exogenouswith respect to the parametersin (23).
Hencewe can investigatethe partial system(23) taking uct as exogenous.

5.3 Estimation of the Structural Mo del

As discussedin section3, the law of motion for the real wagerate, eq. (12), represents
a reducedform expressionof the two structural equationsfor d ln wt and d ln pt . Noting
again that the in°ation climate variable is de¯ned in the estimated model as a linearly

11For a detailed discussionof this procedure,seeChen (2003).
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declining function of past price in°ation rates, the dynamicsof the system(1) { (8) can
be rewritten in linearized form as shown in the following equations:12

d ln wt = ¯ w1 ln V l
t ¡ 1 ¡ ¯ w2 uct ¡ 1 + · wd ln pt + (1 ¡ · w)¼12

t + c1 + e1t ; (25)

d ln pt = ¯ p1 ln V c
t¡ 1 + ¯ p2 uct ¡ 1 + · pd ln wt + (1 ¡ · p)¼12

t + c2 + e2t ; (26)

d ln V l
t = ®V l

2
d ln V l

t + e3t ; (27)

d ln V c
t = ¡ ®V c ln V c

t¡ 1 ¡ ®r (r t ¡ 1 ¡ d ln pt ) ¡ ®! uct ¡ 1 + c4 + e4t ; (28)

dr t = ¡ ° r r t ¡ 1 + °pd ln pt + °V c ln V c
t¡ 1 + c5 + e5t : (29)

Obviously, the model (25) { (29) is nestedin the VAR(12) of (23). Thereforewe can use
(23) to evaluate the empirical relevanceof the model (25) { (29). First we test whether
the parameter restrictions on (23) implied by (25) { (29) are valid.

The linearized structural model (25) { (29) puts 349 restrictions on the unconstrained
VAR(12) of the system(23). Applying likelihood ratio methods we can test the validit y
of theserestrictions. For the period from 1965:1to 2001:2we cannot reject the null of
theserestrictions. The test result is the following:

² Chi-Squared(349)=361.716689with Signi¯canceLevel 0.34902017

Obviously, the speci¯cation (25) { (29) is a valid one for the data set from 1965:1to
2001:2.This result shows strong empirical relevancefor the laws of motions asdescribed
in (1) { (8) as a model for the U.S. economy from 1965:1to 2001:2. It is worthwhile
to note that altogether 349 restrictions are implied through the structural form of the
system(1) { (8) on the VAR(12) model. A p-value of 0.349thus meansthat (1) { (8)
is a much more parsimoniouspresentation of the DGP than VAR(12), and hencefortha
much more e±cient model to describe the economicdynamicsfor this period.

To get a result that is easierto interpret from the economicperspective, we transform
the model (25) { (29) back to its originally nonlinear form (1) { (8):13

d ln wt = ¯ w1 V l
t ¡ 1 ¡ ¯ w2 uct ¡ 1 + · wd ln pt + (1 ¡ · w)¼12

t + c1 + e1t ; (30)

d ln pt = ¯ p1 V c
t¡ 1 + ¯ p2 uct ¡ 1 + · pd ln wt + (1 ¡ · p)¼12

t + c2 + e2t ; (31)

d ln V l
t = ®V l

2
d ln V c

t + e3t ; (32)

d ln V c
t = ¡ ®V c V c

t¡ 1 ¡ ®uuct ¡ 1 ¡ ®r (r t ¡ 1 ¡ d ln pt ) + c4 + e4t ; (33)

dr t = ¡ ° r r t ¡ 1 + °pd ln pt + °V c V c
t¡ 1 + c5 + e5t : (34)

This model therefore di®ersfrom the model (25) { (29) by referring now again to the
explanatory variables V c and V l instead of ln V c and ln V l which were necessaryto
construct a linear VAR(12) system. We compareon this basis the model (30) { (34)
with the model (25) { (29) in a nonnestedtesting framework. Applying the J test to
such a nonlinear estimation procedure,we get signi¯cant evidencethat the model (30)
{ (34) is to be preferredto the model (25) { (29).

12Note here that the di®erenceoperator d is to be interpreted as backward in orientation and that
the nominal rate of interest is dated at the beginning of the relevant period. The linearly declining
moving average¼12

t in turn concernsthe past twelve price in°ation rates.
13Note that dr t = ¡ ° r r t ¡ 1 + ° pd ln pt + ° V c V c

t ¡ 1 + c5 + e5t can also be represented by r t = (1 ¡
° r )r t ¡ 1 + ::: in the equations to be estimated below.
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Model J test
H1 : Model of (25) { (29) is true t® = 4:611
H2 : Model of (30) { (34) is true tÁ = ¡ 0:928

Wehavealreadyomitted in the following summariesof our model estimatesthe insigni¯-
cant parametersin the displayedquantitativ erepresentation of the semi-structuralmodel
and also the stochastic terms. By putting furthermore the NAIRU expressionsand all
other expressionsthat are herestill assumedasconstant into overall constant terms, we
therefore¯nally obtain the following (approximate) Two StageLeastSquaresestimation
results (with t-statistics in parenthesis):

d ln wt =
0:13V l

t ¡ 1 ¡ 0:07uct ¡ 1 +0:49d ln pt +0:51¼12
t ¡ 0:12;

(3:95) (¡ 1:94) (2:61) (2:61) (¡ 3:82)

d ln pt =
0:04V c

t¡ 1 +0:05uct ¡ 1 +0:18d ln wt +0:82¼12
t ¡ 0:04;

(2:32) (2:52) (2:32) (2:32) (¡ 6:34)

d ln V l
t =

0:18d ln V c
t ;

(14:62)

d ln V c
t =

¡ 0:14V c
t¡ 1 ¡ 0:94(r t ¡ 1 ¡ d ln pt ) ¡ 0:54uct ¡ 1 +0:12;

(¡ 5:21) (¡ 4:72) (¡ 4:84) (5:41)

dr t =
¡ 0:08r t ¡ 1 +0:06d ln pt +0:01V c

t¡ 1 ¡ 0:01:
(24:82) (1:2) (2:46) (¡ 2:19)

We thus here get that Blanchard and Katz error correction terms matter in particular
in the labor market, that the adjustment speed of wagesis larger than the one for
priceswith respect to their corresponding demandpressuresand that wageearnersare
more short-sighted than ¯rms with respect to the in°uence of the in°ationary climate
expression.Okun's law which relates the growth rate of employment with the growth
rate of capacity utilization is below a 1:5 relationship and thus in fact represents a fairly
weak relationship. There is a strong in°uence of the real rate of interest on the growth
rate of capacity utilization in the error correcting dynamic multiplier equation and also
a signi¯cant role for incomedistribution in this equation. Sincethis role is basedon a
negative sign we have the result that the economy is pro¯t-led, i.e., investment behavior
(which is assumedto depend negatively on real unit wagecosts)dominatesthe outcome
of a changein income distribution. With respect to the interest rate policy we ¯nally
obtain a sluggishform of interest rate smoothing, basedon a passive policy rule (with a
coe±cient 0:06=0:08 in front of the in°ation gap).

Next we comparethe precedingsituation with the casewherethe climate expression¼m

is basedon a 24 quarter horizon in the placeof the 12 quarter horizon we have employed
so far.14

14Details on the estimation of the subsequently reported results are provided in an appendix of the
working paper version of this paper.
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d ln wt = 0:12V l
t ¡ 1 ¡ 0:06uct ¡ 1 + 0:71d ln pt + 0:29¼24

t ¡ 0:10;

d ln pt = 0:04V c
t¡ 1 + 0:09uct ¡ 1 + 0:38d ln wt + 0:62¼24

t ¡ 0:03;

d ln V l
t = 0:18d ln V c

t ;

d ln V c
t = ¡ 0:14V c

t¡ 1 ¡ 0:94(r t ¡ 1 ¡ d ln pt ) ¡ 0:54uct ¡ 1 + 0:12;

dr t = ¡ 0:09r t ¡ 1 + 0:07d ln pt + 0:01V c
t¡ 1 ¡ 0:01:

We seethat the application of a time horizon of 24 quarters for the formation of the
in°ationary climate variable does not alter the qualitativ e properties of the dynamics
signi¯cantly ascomparedto the caseof a moving averagewith linearly decliningweights
over 12 quarters only (which approximately corresponds to a value of ¯ ¼m = 0:15 in
an adaptive expectationsmechanism as usedfor the theoretical versionof the model in
section 3). Even choosing only a six quarter horizon for our linearly declining weights
preservesthe qualitativ e featuresof our estimatedmodel and alsoby and largethe stabil-
it y properties of the dynamicsaswe shall seelater on, though in°ationary expectations
over the medium run are then updated with a speedcomparableto the onesused for
the price PC in hybrid New Keynesianapproaches:

d ln wt = 0:12V l
t ¡ 1 ¡ 0:08uct ¡ 1 + 0:27d ln pt + 0:73¼6

t ¡ 0:11;

d ln pt = 0:03V c
t¡ 1 + 0:02uct ¡ 1 + 0:10d ln wt + 0:90¼6

t ¡ 0:03;

d ln V l
t = 0:18d ln V c

t ;

d ln V c
t = ¡ 0:14V c

t¡ 1 ¡ 0:94(r t ¡ 1 ¡ d ln pt ) ¡ 0:54uct ¡ 1 + 0:12;

dr t = ¡ 0:08r t ¡ 1 + 0:06d ln pt + 0:01V c
t¡ 1 ¡ 0:01:

We thereby arrive at the generalqualitativ e result that wagesare more °exible than
priceswith respect to their corresponding measuresof demandpressureand that wage
earnersare more short-sighted than ¯rms with respect to the weight they put on their
current (perfectly foreseen)measureof cost pressureas comparedto the in°ationary
climate that surroundsthis situation. Blanchard and Katz (1999) type error correction
mechanisms play a role both in the wage PC and also in the price PC for the U.S.
economy and have the sign that is predicted by theory, in contrast to what is found out
by thesetwo authors themselves. We have the validit y of Okun's law with an elasticity
coe±cient of lessthan 20 percent and have the correct signsfor the dynamic multiplier
processas well as with respect to the in°uence of changing real rate of interests on
economicactivit y. Finally, the impact of incomedistribution on the changein capacity
utilization is always a negative one and thus of an orthodox type, meaningthat rising
averageunit wagecostswill decreaseeconomicactivit y, and will thereforeimply at least
from a partial perspective that increasingwage°exibilit y is stabilizing, while increasing
price °exibilit y (again with respect to its measureof demandpressure)is not.

We concludefrom the above that it should be legitimate to use the system estimate
with ¼12 as in°ation climate term for the further evaluation of the dynamic properties
of our theoretical model of section 3, in order to seewhat more can be obtained as
comparedto the theoretical results of section4 when empirically supported parameter
signsand sizesare (approximately) taken into account. As a further support for this
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parameter approximation we ¯nally also report single equationsestimatesfor our 5D
system in order to get a feeling for the intervals in which the parameter values may
sensiblyassumedto lie:15

d ln wt = 0:19V l
t ¡ 1 ¡ 0:07uct ¡ 1 + 0:16d ln pt + 0:84¼12

t ¡ 0:17;

d ln pt = 0:05V c
t¡ 1 + 0:05uct ¡ 1 + 0:09d ln wt + 0:91¼12

t ¡ 0:04;

d ln V l
t = 0:16d ln V c

t ;

d ln V c
t = ¡ 0:14V c

t¡ 1 ¡ 0:93(r t ¡ 1 ¡ d ln pt ) ¡ 0:54uct ¡ 1 + 0:12;

dr t = ¡ 0:10r t ¡ 1 + 0:10d ln pt + 0:01V c
t¡ 1 ¡ 0:01:

Again parametersizesare changedto a certain degree.We do not expect however that
this changesthe stabilit y properties of the dynamics in a qualitativ e senseand we will
check this in the following sectionfrom the theoretical aswell asnumerical perspective.

The above by and largesimilar representation of the sizesof the parametervaluesof our
dynamicsthus revealvariousinterestingassertionson the relative importanceof demand
pressurein°uencesas well as cost pressuree®ectsin the wage-pricespiral of the U.S.
economy. The Blanchard and Katz error correction terms have the correct signsand are
of relevance in general. Okun's law holds as a level relationship between the capacity
utilization rate and the rate of employment, basically of the form V l=¹V l = (V c=¹V c)b

with an elasticity parameterb of about 18 percent. The dynamic IS equation shows the
from the partial perspective stabilizing role of the multiplier processand a signi¯cant
dependenceof the rate of change of capacity utilization on the current real rate of
interest. There is a signi¯cant and negative e®ectof real unit wagecosts(we conjecture:
since investment dominates consumption) on this growth rate of capacity utilization,
which in this aggregatedform suggeststhat the economy is pro¯t-led asfar asaggregate
goods demandis concerned,i.e., real wagecost increasessigni¯cantly decreaseeconomy
activit y.

Finally, for the Taylor interest rate policy rule, we get the result that interest rate
smoothing takesplace around the ten percent level, and that monetary policy is to be
consideredas somewhatpassive (° p=(1 ¡ ° r ) < 1) in such an environment as far as the
in°ation gap is concerned,and that there is only a weak direct in°uence of the output
gap on the rate of changeof the nominal rate of interest. It may thereforebe expected
that instabilit y can be an outcomeof the theoretical model when simulated with these
estimatedparametervalues. Finally, we note that it is not really possibleto recover the
steady state rate of interest from the constant in the above estimatedTaylor rules in a
statistically signi¯cant way, sincethe expressionimplied for this rate by our formulation
of the Taylor rule would be:

ro = (const+ ° p¹¼+ °V c )=°r ;

which does not determine this rate with any reliable statistical con¯dence. This also
holds for the other constants that we have assumedas given in our formulation of
KeynesianDAS-DAD dynamics.

15Details on the t-statistics of the subsequently reported results can be found in the appendix of the
working paper version of paper.
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In sum the system estimates of this section provide us with a result that con¯rms
theoretical sign restrictions. They moreover provide de¯nite answers with respect to
the role of income distribution in the considereddisequilibrium AS-AD or DAS-DAD
dynamics, con¯rming in particular the orthodox point of view that economicactivit y
is likely to depend negatively on real unit wage costs. We have also a negative real
wagee®ectin the dynamicsof incomedistribution, in the sensethat the growth rate of
real wages,seeour reducedform real wagedynamics in section 3, depends { through
Blanchard and Katz error correctionterms { negatively on the real wage. Its dependence
on economicactivit y levelshowever is somewhatambiguous,but in any casesmall. Real
wagestherefore only weakly increasewith increasesin the rate of capacity utilization
which in turn however depends in an unambiguous way negatively on the real wage,
implying in sumthat the Rose(1967)real wagechannelis present, but may not dominate
the dynamic outcomes.

Finally, the estimated adjustment speedof the price level is so small that the dynamic
multiplier e®ectdominates the overall outcome of changesin capacity utilization on
the growth rate of this utilization rate, which thereforeestablishesa further stabilizing
mechanismin the reducedform of our multiplier equation. The model and its estimates
thus by and large con¯rm the conventional Keynesianview on the working of the econ-
omy and thus provide in sum a result very much in line with the traditional ways of
reasoningsfrom a Keynesianperspective. There is oneimportant quali¯cation however,
as we will show in the next sections,namely that downward moneywage°exibilit y can
be good for economicstabilit y, in line with Rose's (1967) model of the employment
cycle, but in opposition to what Keynes(1936) stated on the role of downwardly rigid
money wages. Yet, the role of income distribution in aggregatedemand and wagevs.
price °exibilit y was not really a topic in the General Theory, which therefore did not
comment on the possibility that wagedeclinesmay leadthe economy out of a depression
via a channel di®erent from the conventional Keynes-e®ect.

6 Stabilit y analysis of the estimated mo del

In the precedingsectionwe have provided de¯nite answers with respect to the type of
real wagee®ectpresent in the data of the U.S. economy after World War I I, concerning
the dependenceof aggregatedemand on the real wage, the degreesof wageand price
°exibilities and the degreeof forward-looking behavior in the wageand price PC. The
resulting combination of e®ectsand the estimatedsizesof the parameters(in particular
the relative degreeof wage vs. price °exibilit y) suggestthat their particular type of
interaction is favorable for stabilit y, at least if monetary policy is su±ciently active.

We start the stabilit y analysisof the semi-structural theoretical model with estimated
parametersfrom the following referencesituation (the systemestimate wherethe in°a-
tionary climate is measuredas by the twelve quarter moving average):

d ln wt = 0:13V l
t ¡ 1 ¡ 0:07uct ¡ 1 + 0:49d ln pt + 0:51¼12

t ¡ 0:12;

d ln pt = 0:04V c
t¡ 1 + 0:05uct ¡ 1 + 0:18d ln wt + 0:82¼12

t ¡ 0:04;

d ln V l
t = 0:18d ln V c

t ;

d ln V c
t = ¡ 0:14V c

t¡ 1 ¡ 0:94(r t ¡ 1 ¡ d ln pt ) ¡ 0:54uct ¡ 1 + 0:12;

dr t = ¡ 0:08r t ¡ 1 + 0:06d ln pt + 0:01V c
t¡ 1 ¡ 0:01:

30



We consider ¯rst the 3D core situation obtained by totally ignoring adjustments in
the in°ationary climate term, by setting ¼m = ¹¼ in the theoretical model, and by
interpreting the estimated law of motion for V l in level terms, i.e., by moving from the
equationV̂ l = bV̂ c to the equationV l = ¹V l (V c=¹V c)b; with b= 0:18(and ¹V l = ¹V c = 1 for
reasonsof simplicity and without much lossof generality). On the basisof our estimated
parametervalueswe furthermore have that the expression̄ p1 ¡ · p¯ w1 is approximately
zero(slightly positive), i.e., the weakin°uenceof the state variable ! in the reducedform
price PC will not be of relevancein the following reducedform of the dynamics(which
however is not of decisive importance for the following stabilit y analysis). Finally, the
critical condition for normal or adverseRosee®ects

® = (1 ¡ · p)¯ w1 b¡ (1 ¡ · w)¯ p1 ¼ 0

is also{ due to the measuredsizeof the parameterb { closeto zero(which is of impor-
tance for stabilit y analysis,seethe matrix J below). Rosereal-wagee®ectsare thus not
very strong in the estimatedform of the model, at least from this partial point of view,
despitea signi¯cant negative dependenceof capacity utilization on real unit wagecosts
(the wageshare).

Under theseassumptions,the laws of motion (9) { (13) { with the reducedform price
PC inserted again { can be reducedto the following qualitativ e form (where the unde-
termined signsof a1; b1; c1 do not matter for the following stabilit y analysisand where
are assumedto be su±ciently closeto 0):

V̂ c = a1 ¡ a2 V c ¡ a3 r ¡ a4 ln ! ; (35)

_r = b1 + b2 V c ¡ b3 r § b4 ln ! ; (36)

!̂ = c1 § c2 V c ¡ c4 ln ! ; (37)

sincethe dependenceof p̂ on V c is a weakone,to bemultiplied by 0:17 in the comparison
with the direct impact of V c on its rate of growth, and thus doesnot modify the sign
measuredfor the direct in°uence of this variable on the growth rate of the capacity
utilization rate signi¯cantly. Note with respect to this qualitativ e characterization of
the remaining3D dynamics,that the various in°uencesof the samevariable in the same
equation have been aggregatedalways into a single expression,the sign of which has
beenobtained from the quantitativ e estimatesshown above. We thus have to take note
herein particular of the fact that the reducedform expressionfor the price in°ation rate
hasbeeninserted into the ¯rst two laws of motion for the capacity utilization dynamics
and the interest rate dynamics, which have been rearrangedon this basisso that the
in°uenceof the variablesV c and ! appearsat most only once,though both terms appear
via two di®erent channelsin theselaws of motion, one direct channel and one via the
price in°ation rate.

The result of our estimatesof this equation is that the latter channel is not changing
the signsof the direct e®ectsof capacity utilization (via the dynamic multiplier) and the
real wage(via the aggregatee®ectof consumptionand investment behavior). We note
again that the parameter c2 may be uncertain in sign, but will in any casebe closeto
zero,while the signof b4 doesnot matter in the following. A similar treatment appliesto
the law of motion for the nominal rate of interest, whereprice in°ation is again broken
down into its constituent parts (in its reducedform expression)and wherethe in°uence
of V l in this expressionis again replacedby V c through Okun's Law. Finally, the law of
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motion for real wagesthemselvesis obtained from the two estimatedstructural laws of
motion for wageand price in°ation in the way shown in section3. We have the stated
very weak, but possibly positive in°uence of capacity utilization on the growth rate of
real wages,since the wage Phillips curve slightly dominates the outcome here and an
unambiguously negative in°uence of real wageson their rate of growth due to the signs
of the Blanchard and Katz error correction terms in the wageand the price dynamics.

On this basis,we arrive { if we set the consideredsmall magnitudesequal to zero { at
the following sign structure for the Jacobian at the interior steady state of the above
reducedmodel for the state variablesV c; r; ! :

J =

0

@
¡ ¡ ¡
+ ¡ 0
0 0 ¡

1

A :

We therefrom immediately get that the steady state of these 3D dynamics is asymp-
totically stable, sincethe trace is negative, the sum a2 of principal minors of order two
is always positive, and sincethe determinant of the whole matrix is negative. The co-
e±cients ki ; i = 1; 2; 3 of the Routh Hurwitz polynomial of this matrix are therefore
all positive as demandedby the Routh Hurwitz stabilit y conditions. The remaining
stabilit y condition is

k1k2 ¡ k3 = (¡ tr aceJ)k2 + detJ > 0:

With respect to this condition we immediately seethat the determinant of the Jacobian
J; given by:

J33(J11J22 ¡ J12J21)

is dominated by the terms that appear in k1k2; i.e., this Routh-Hurwitz condition is
alsoof correct sign asfar asthe establishment of local asymptotic stabilit y is concerned.
The weak and maybe ambiguousreal wagee®ector Rosee®ectthat is included in the
working of the dynamicsof the private sectorthus doesnot work against the stabilit y of
the steady state of the considereddynamics. Ignoring the Mundell e®ectby assuming
¯ ¼m = 0 thereforeallows for an unambiguousstabilit y result, basically due to the stable
interaction of the dynamicmultiplier with the Taylor interest rate policy rule, augmented
by real wagedynamics that in itself is stable due to the estimated signs(and sizes)of
the Blanchard error correction terms, where the estimated negative dependenceof the
changein economicactivit y on the real wageis welcomefrom an orthodox point of view,
but doesnot really matter for the stabilit y featuresof the model. The neglectanceof the
Mundell e®ectthereforeleavesus with a situation that is closein spirit to the standard
textbook considerationsof Keynesianmacrodynamics. Making the ¯ ¼m slightly positive
doesnot overthrow the above stabilit y assertion,sincethe determinant of the 4D caseis
positive in the consideredsituation, seealsoChen,Chiarella, Flaschel and Hung (2004),
where it is also shown in detail, that a signi¯cant increaseof this parametermust lead
to local instabilit y in a cyclical fashionvia a so-calledHopf-bifurcation (if ° r < °p).

Figure 3 showssimulations of the estimateddynamicswhereindeedthe parameter¯ ¼m is
now no longerzero,but setequalto 0:075; 0:15 in correspondenceto the measures¼12; ¼6

of the in°ationary climate usedin our estimates(thesevaluesariseapproximately when
we estimate ¯ ¼m by meansof thesemoving averages). We usea large real wageshock
(increaseby ten percent) to investigate the responseof the dynamics (with respect to
capacity utilization) to such a shock. The resulting impulse-responsesare unstableones
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in the caseof the estimated policy parameter ° p = 0:6 as shown in the two graphs on
the left hand side of ¯gure 3. This is due to the fact that the estimated passive Taylor
rule allows for a positive real eigenvalue that leads to divergencewhen the dominant
root of the estimatedsituation hasrun its coursebrought the dynamicssu±ciently close
to the steady state. Increasing the parameter ° p towards 0:8 (a Taylor rule right at
the border towards an active one) or even to 0:12 (where ®p assumesa standard value
of 0:5) moves the positive real eigenvalue into the negative half plane of the plane of
complexnumbersand thus makesthe dynamicsproducetra jectoriesthat convergeback
to the steadystate as shown in ¯gure 3 on its left hand side. On its right hand sidewe
show in the top ¯gure how the positive real eigenvalue (the maximum of the real parts
of the eigenvaluesof the dynamics) varies with the parameter ° p: We clearly seethat
instabilit y is reducedand ¯nally removed as this policy parameter is increased.16
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Figure 3: Responsesto real wageshocks in the rangeof estimatedparametervalues.

More active monetary policy leadingto stabilit y is a result that holds for all measuresof
the in°ation climate as shown for the case¼6 in ¯gure 3. Bottom right we ¯nally show
in this ¯gure that there are complexroots involved in the consideredsituation (there for
the case¼12). Adjustment to the steady state is thereforeof a cyclical nature, though
only weakly cyclical asshown in this ¯gure). In sum we thereforeget that active Taylor
rules asestimatedfor the past to decades(but not for our larger estimation period) will
bring stabilit y to the dynamics,sincethe dominant root then enforcesconvergenceto the
steadystate without any counteracting forcecloseto the steadystate. In the considered
range for the parameter ¯ ¼m the overall responsesof the dynamics are then by and
large of the shown type, i.e., the systemhasstrong, though somewhatcyclical stabilit y
propertiesover this wholerange,if monetary policy is madesomewhatmoreactive than

16Note that { due to the estimated form of Okun's law { one eigenvalue of the 5D dynamics must
always be zero.
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estimated, independently of the particular combination of the speed of adjustment of
the in°ationary climate and the set of other parametervalueswe have estimated in the
precedingsection. The impulse-responsesituation shown in ¯gure 3 is the expectedone.
The sameholds true for the responseof V l ; ŵ; p̂; r which all decreasein the contractiv e
phaseshown in ¯gure 3.

We againnote that the systemis subject to zeroroot hysteresis,sincethe lawsof motion
for V l ; V c are herelinearly dependent (since®V l

1
, hasbeenestimatedasbeingzero), i.e.,

it neednot convergeback to the initially given steadystate value of the rate of capacity
utilization which was assumedto be 1. Note also that the parameter estimates are
basedon quarterly data, i.e., the plots in ¯gure 3 correspond to 25 yearsand thus show
a long period of adjustment, due to the fact that all parametershave beenassumedas
time-invariant, so that only the slow processof changing income distribution and its
implications for Keynesianaggregatedemandis thus driving the economy here.

1 [0,2]wb Î [0,2]rg Î

1 [0,2]wb Î 1 [0,1]pb Î

[0,1]mp
b Î [0,1]pg Î

0.4rg = 0.4rg =

0.4rg = 0.4rg =

Figure 4: Eigenvalue diagramsfor varying parametersizes.

Next we test in ¯gure 4 the stabilit y properties of the model if one of its parameters
is varied in size. We there plot the maximum value of the real parts of the eigenvalues
againstspeci¯c parameterchangesshown on the horizontal axis in each case.We by and
large ¯nd (also for parameter variations that are not shown) that all partial feedback
chains (including the working of the Blanchard and Katz error correction terms) trans-
late themselvesinto corresponding 'normal' eigenvalue reaction patterns for the full 5D
dynamics.
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With respect to the wage °exibilit y parameter ¯ w1 we seein ¯gure 4 top-left that its
increasehelps to reduce the instabilit y of the system with respect to the estimated
parameter set, but is not able by itself to enforceconvergence. The sameholds true
for the other adjustment parametersin the wage and the price Phillips curves. Top-
right we then determinethe rangeof valuesfor the parameter° r wherelocal asymptotic
stabilit y is indeedestablishedand ¯nd that this is approximately true for a the interval
(0:1; 0:6); while largeparametersvaluesimply a switch back to local instabilit y. Interest
rate smoothing of a certain degreethereforecan enforceconvergenceback to the steady
state. We thus now changethe estimated parameterset in this respect and assumefor
the parameter° r the value 0:4 in the remainderof ¯gure 4.

The two plots in the middle of ¯gure 4 then show that too low wage°exibilit y and too
high price °exibilit y will destabilize the dynamics again. this is what we expect from
the real wagee®ectin a pro¯t led economy, due o what has beensaid on normal and
adverseRosee®ects.Furthermore, concerningthe Mundell e®ect,we indeed also ¯nd
that an adjustment of the in°ationary climate expressionthat is too fast induceslocal
asymptotic instabilit y and is thereforedestabilizing (see¯gure 4, bottom-left). Finally,
bottom-right weseethat a Taylor interest rate policy rule that is too passivewith respect
to the in°ation gap will also endangerthe stabilit y we have created by increasingthe
speed of interest rate smoothing. Such eigenvalue diagrams therefore nicely con¯rm
what is know from partial reasoningon Keynesianmacrodynamic feedback chains. Note
herethat increasingprice °exibilit y is alsodestabilizingvia the Mundell-e®ect,sincethe
growth rate V̂ c of economicactivit y canthereby bemadeto dependpositively on its level
(via the real rate of interest channel, seeeq. (14)), leading to an unstable augmented
dynamic multiplier processin the trace of J under such circumstances.Moreover, such
increasingprice °exibilit y will give rise to a negative dependenceof the growth rate of
the real wageon economicactivit y (whoserate of changein turn dependsnegatively on
the real wage)and thus leadsto further sign changesin the JacobianJ: Increasingprice
°exibilit y is thereforebad for the stabilit y of the considereddynamicsfrom at least two
perspectives.

Let us return now to our analytical stabilit y considerationsagain. The destabilizingrole
of price°exibilit y is enhancedif weadd to the abovestabilit y analysisfor the 3D Jacobian
the law of motion for the in°ationary climate surrounding the current evolution of price
in°ation. Under this extensionwe go back to a 4D dynamical system,the JacobianJ of
which is obtained by augmenting the previousone in its sign structure in the following
way (seeagain eq. (14)):

J =

0

B
B
@

¡ ¡ ¡ +
+ ¡ 0 +
0 0 ¡ 0
+ 0 0 0

1

C
C
A :

As the positive entries J14; J41 show, there is now a new destabilizing feedback chain in-
cluded, leading from increasesin economicactivit y to increasesin in°ation and climate
in°ation and from there back to increasesin economicactivit y, again through the real
rate of interest channel (where the in°ationary climate is involved due to the expression
that characterizesour reducedform price PC). This destabilizing, augmented Mundell
e®ectmust becomedominant sooner or later (even under the estimatedsimpli¯ed feed-
back structure) asthe adjustment speedof the climate expression̄ ¼m is increased.This
is obvious from the fact that the only term in the Routh-Hurwitz coe±cient a2 that
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dependson the parameter¯ ¼m exhibits a negative sign, which implies that a su±ciently
high ¯ ¼m will make the coe±cient a2 negative eventually. The Blanchard and Katz error
correction terms in the fourth row of J , obtained from the reducedform price Phillips
curve, that are (only as further terms) associated with the speedparameter ¯ ¼m ; are of
no help here, sincethey do not appear in combination with the parameter ¯ ¼m in the
sum of principal minors of order 2. In this sum the parameter ¯ ¼m thus only enters
onceand with a negative sign implying that this sum can be madenegative (leading to
instabilit y) if this parameter is chosensu±ciently large. This stands in somecontrast
to the estimation results wherethe there de¯ned in°ation climate term hasbeenvaried
signi¯cantly without ¯nding a considerabledegreeof instabilit y.

Assuming{ asa mild additional assumption{ that interest rate smoothing is su±ciently
weak furthermore allows for the conclusionthat the 4D determinant of the above Jaco-
bian exhibits a positive sign throughout. We thus in sum get that the local asymptotic
stabilit y of the steadystate of the 3D caseextendsto the 4D casefor su±ciently small
parameters¯ ¼m > 0, sincethe eigenvaluethat waszeroin the casē ¼m = 0 must become
negativedueto the positivesignof the 4D determinant (sincethe other three eigenvalues
must have negative real parts for small ¯ ¼m ). Lossof stabilit y can only occur through a
changein the signof the Routh-Hurwitz coe±cient k2; which canoccur only onceby way
of a Hopf-bifurcation wherethe systemloosesits local stabilit y through the local death
of an unstable limit cycle or the local birth of a stable limit cycle. This result is due to
the destabilizing Mundell-e®ectof a faster adjustment of the in°ationary climate into
which the economy is embedded,which in the present dynamical systemworks through
the elements J14; J41 in the JacobianJ of the dynamics and thus through the positive
dependenceof economicactivit y on the in°ationary climate expressionand the positive
dependenceof this climate expressionon the level of economicactivit y.

To sum up we have establishedthat the 4D dynamicswill be convergent for su±ciently
small speedsof adjustments ¯ ¼m , and for a monetary policy that is su±ciently active,
while they will be divergent for parameters¯ ¼m chosensu±ciently large. The Mundell
e®ectthus works asexpectedfrom a partial perspective. There will be a uniqueHopf bi-
furcation point ¯ H

¼m in between(for ° r su±ciently small), wherethe systemlosesasymp-
totic stabilit y in a cyclical fashion. Yet sooner or later purely explosive behavior will be
indeed be established(as can be checked by numerical simulations), where there is no
longerroom for persistent economic°uctuations in the real and the nominal magnitudes
of the economy.

In such a situation global behavioral nonlinearities must be taken into account in order
to limit the dynamicsto domainsin the mathematical phasespacethat are of economic
relevance. Comparedto the New Keynesianapproach brie°y consideredin section2 of
this paper we thus have that { despitemany similarities in the wage-priceblock of our
dynamics{ we have completely di®erent implications for the resulting dynamicswhich
{ for active interest rate policy rules { are convergent (and thus determined from the
historical perspective) when estimatedempirically (with structural Phillips curvesthat
are not all at odds with the facts) and which { should lossof stabilit y occur via a faster
adjustments of the in°ationary climate expression{ must be bounded by appropriate
changesin economicbehavior far o® the steady state and not just by mathematical
assumption as in the New Keynesian case. Furthermore, we have employed in our
model type a dynamic IS-relationship in the spirit of Rudebusch and Svensson's(1999)
approach, also con¯rmed in its backward orientation by a recent article of Fuhrer and
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Rudebusch (2004). One may therefore state that the results achieved in this and the
precedingsectioncan provide an alternative of mature, but traditional Keynesiantype
that doesnot lead to the radical { and not very Keynesian{ New Keynesianconclusion
that the deterministic part of the model is completely trivial and the dynamics but a
consequenceof the addition of appropriate exogenousstochastic processes.
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Figure 5: Three possibleregimesfor wagein°ation.

7 Instabilit y, global boundedness and monetary pol-
icy

Next we will expresssomeconjecturesconcerningother scenarios. Basedon the esti-
mated rangeof parametervalues,and for an active monetary policy rule, the preceding
sectionhasshown that the model then exhibits strong convergenceproperties,with only
mild °uctuations around the steady state in the caseof small shocks, but with a long
downturn and a long-lasting adjustment in the caseof strong shocks (as in the caseof
¯gure 3, wherea 10 percent increasein real wagesshocks the economy). Nevertheless,
the economy is reacting in a fairly stable way to such a large shock and thus seemsto
have the characteristicsof a strong shock absorber. Figure 3 however is basedon esti-
mated linear Phillips curves,i.e., in particular, on wageadjustment that is as°exible in
an upward as well as in a downward direction. It is however much more plausible that
wagesbehave di®erently in a high and in a low in°ation regime,seeChen and Flaschel
(2004) for a study of the wagePC along theselines which con¯rms this commonsense
statement. Following Filardo (1998)we heregoevenonestepfurther and indeedassume
a three regimescenarioas shown in ¯gure 5 wherewe make useof his ¯gure 4 and for
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illustrativ e purposesof the parameter sizesthere shown17 (though they there refer to
output gapson the horizontal axis, in°ation surpriseson the vertical axis and a standard
reducedform Phillips curve relating thesetwo magnitudes):

The ¯gure 5 suggeststhat the wagePC of the present model is only in e®ectif there
holds simultaneously that wage in°ation is above a certain °oor f { here (following
Filardo) shown to be negative18 { and the employment rate is still above a certain °oor
V l ; where wage in°ation starts to become(downwardly) °exible again. In this latter
area (where wage in°ation according to the original linear curve is below f and the
employment rate below V l ;) we assumeas form for the resulting wage-in°ation curve
the following simpli¯cation and modi¯cation of the original one:

ŵ = ¯ w1 (V l ¡ V l ) + · w p̂ + (1 ¡ · w)¼m ;

i.e., we do not considerthe Blanchard and Katz error correction term to be in operation
then any more. In sum, we thereforeassumea normal operation of the economy if both
lower °oors are not yet reached, constant wage in°ation if only the °oor f has been
reachedand further falling wagein°ation or de°ation rates(as far asdemandpressureis
concerned)if both °oors have beenpassed.Downward wagein°ation or wagede°ation
rigidit y thus doesnot exist for all statesof a depressedeconomy, but can give way to its
further downward adjustment in severestatesof depressionin actual economies.19
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Figure 6: Rose-Filardotype wagePhillips curvesand the emergenceof persistent busi-
ness°uctuations.

17here adjusted to quarterly data.
18 by contrast, this °oor is claimed and measuredto be positive for six Europeancountries in Hoogen-

veenand Kuip ers (2000).
19An example for this situation is given by the German economy, at least since2003.
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In ¯gure 6 we considera situation as depicted in ¯gure 3, i.e., the working of a wage
Phillips curve as it was already formulated in Rose(1967) and again contractiv e real
wage shocks.20 Top-left we plot the rate of capacity utilization against the nominal
rate of interest and obtain that the economy now adjusts to a fairly simple persistent
°uctuation in this projection of the 5D phasespacewith an overshooting interest rate
adjustment, sincefor examplethe interest rate keepson rising though economicactivit y
hasstarted to fall alreadyfor quite a while. There is a strict positive correlation between
the rates of utilization of capital and labor, i.e., all assertionsmadewith respect to one
utilization rate also hold for the other one. The reasonfor this overshooting reaction
of interest rate policy is that this policy closely follows the in°ation gap and not the
utilization gap, hererepresented with respect to the in°ation climate term in the ¯gure
6, top- right. This ¯gure also shows that de°ation is indeedoccurring in the courseof
onecycle, though only weakly in a brief subperiod of it.

As already indicated there is also overshooting involved in the phaseplot betweenthe
rate of employment and the in°ation climate (¯gure 6, bottom-left), i.e., the model
clearly generatesperiods of stag°ation and also periods where disin°ation is coupled
with a rising employment rate. This pattern is well-known from empirical investigations.
Lesscloseto such investigations,seeFlaschel and Groh (1995)for example,is the pattern
that is shown bottom-right in ¯gure 6, i.e., a phaseplot betweenthe real wageand the
rate of employment which according to the Goodwin (1967) model of a growth cycle
shouldbe alsoan overshooting onewith a clockwiseorientation which in ¯gure 6 is only
partly visible in fact. Taken together, we however have the generalresult that a locally
unstable steady state can be tamed towards the generationof a persistent °uctuation
around it if wagesbecomesu±ciently °exible far o®the steadystate (both in an upward
as well as in a downward direction).

We next show that the corridor (V l ; ¹V l ) where the secondregime in ¯gure 5 applies
may be of decisive importance for the resulting dynamics. Small changesin the size
of this interval can have signi¯cant e®ectson the observed volatilit y of the resulting
tra jectories as the ¯gure 7 exempli¯es. In ¯gure 7 we lower the value of V l from 0:96
to 0:959; 0:585; 0:958; 0:9575and seethat the limit cycle is becominglarger and is ap-
proached in more and more complicatedways. In the case0:575 we ¯nally get a quite
di®erent limit cyclewith lower r; V c on an averageand only a small amplitude which is
shown in enlargedform in ¯gure 7 bottom-right.

Finally, increasingthe opposingforces¯ ¼m and°p evenfurther to 1:4 and0:6 respectively,
and assumingnow V l = 0:94 < ¹V l = 1; ie.e,a largerangewherethere is a °oor to money
wages(and adjusting the interest rate such that it doesnot becomenegative along the
tra jectories that are shown) provides as with an (somewhat extreme) scenariowhere
even complexdynamicsaregeneratedfrom the mathematical point of view (not directly
from the economicpoint of view) as is shown in ¯gure 8.

20The parametersof the plot are the estimated one with the exception of ¯ ¼m = 0:4; ° p = 0:12: The
¯rst parameter has therefore been increasedin order to get local instabilit y of the steady state and
the policy parameter has been increasedin order to tame the resulting instabilit y to a certain degree.
Moreover, we have assumedin this plot that the steady state value of V l coincideswith the value where
wagesbecomedownwardly °exible again, i.e., we here only switch of the Blanchard and Katz error
correction term in the downward direction, but have added a °oor f = 0:0004 to wage in°ation for
employment rates above th steady state level ( ¹V c = 0:9 now). This combination of wageregimesindeed
tames the explosive dynamics and givesrise to a limit cycle attractor instead as is shown below.
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Figure 8: Depressedcomplexdynamicswith long de°ationary episodes

Turning now to the e®ectsof monetary policy we ¯rst show in ¯gure 9 the situation
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where the economy is strongly convergent to the steady state in the caseof the active
monetary policy underlying ¯gure 3. Adding a global °oor to this situation radically
changesthe situation and implies economiccollapseoncethis °oor is reached, sincereal
wagesare then rising due to falling prices. This situation is againshown to be prevented
if wagesbecome°exible again (in a downward direction) at 92 percent of employment.
Monetary policy that is then assumedmore active either with respect to the utilization
gap or the in°ation gap can however prevent both situations from occurring, when it
implies { asshown { that the °oor to moneywagescanbeavoidedto comeinto operation
thereby.

The damped oscillation of figure  3

Faster cyclical adjustment due to increased output gap importance

Faster cyclical adjustment due to increased inflation gap importance

A global floor to money wage deflation

Returning money wage flexibility below 8% unemployment

Figure 9: The existenceof °oors and more active monetary policy rules

The question ariseswhether a monetary policy is working the better the stronger its
reaction is with respect to the in°ation gap, i.e., the larger the parameter ° p becomes.
From an applied perspectives it is not to be expected that this is to be the casein
reality, sinceactive monetary policy is surely limited by somecautiousnessboundsfrom
above. In this 5D dynamical systemwith its still simpletra jectoriesin may however bea
theoretical possibility, though we have already presented a counterexampleto a general
proposition of this kind in ¯gure 4. Figure 10 now exempli¯es this again by meansof
phaseplots, i.e., of projections of the full dynamics into the V c; r plane. We seein this
¯gure top-left with respect to our estimated parameter set (but with ¯ ¼m = 0=4 now
again) that a more active monetary policy (0:12 ! 0:15) enlargesthe generatedlimit
cycle (see¯gure 6) and thus makes the economy more volatile. By contrast, see¯gure
10, top-right, a lower value of ° p = 0:10 ascomparedto ¯gure 6, makesthe dynamicsin
fact convergent with smaller cycleswhen the transient behavior is excluded,but with a
long transient than in the caseof ¯gure 10, top-left. This longer transient behavior can
be made of an extreme type { with severely underutilized capital along the depressed
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transient cycles{ when the policy reaction to the in°ation gap is further reduced(to
0:092),seē gure 10, bottom-right and -left. The degreeof activenessof monetary policy
matters thereforea lot for the business°uctuations that are generatedand this in a way
with clear benchmark for the appropriate choiceof the parameter° p:

r r

r

cV cV

cV

cV

time

Figure 10: Corridor problemsfor active monetary policy rules

In ¯gure 11, ¯nally , wevary the parameter¹¼that characterizesthe in°ation target of the
Central Bank. A ¯rst implications of such variations is shown in the plot top-left where
we show the limit cycle of ¯gure 6 onceagain, now together with two tra jectories that
arebasedon the assumptionsf = ¹¼= 0:0004and f = ¹=0:0004> ¼= 0:0002concerning
the temporary °oor in moneywagesand the in°ation target of the central bank. In the
¯rst casethe limit cycle disappearscompletely and we get instead convergenceto the
steady state, though with a long transient again. In the secondcaseof an even more
restrictive monetary policy we no longer get complete convergenceback to th steady
state, but instead convergenceto a small limit cycle below this steady state, shown in
enlargeform in ¯gure 11, top-right. Lowering ¹¼even further (to zero) gives the same
result, but with a slightly more depressedlimit cyclenow, see¯gure 11, bottom-left. In
¯gure 11, bottom-right, ¯nally , we comparean in°ation target 0f 0:05 with an in fact
de°ation target of the Central bank of ¡ 0:002 (both not topical themes in monetary
policy). In the ¯rst casethe persistent °uctuation of the initial situation gets lost and
is changedinto a business°uctuation with increasingamplitude, that is the economy
becomesan unstableone. In the secondcasewe now get in a pronouncedway a stable,
but depressedlimit cycle below the NAIRU levels for the rates of capacity utilization.
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Figure 11: Tight and losein°ation targets

We concludefrom thesefew simulation exerciseson other scenariosin the neighborhood
of our estimated Keynesiandisequilibrium dynamics, that one might observe a variety
of interesting scenarioswhen certain kinks in moneywagebehavior and changesin the
adjustment speedof our in°ationary climate expressionare taken into account. These
changesfurthermore show that further investigationsof such behavioral nonlinearities
areneeded,seeChenand Flaschel (2004)and Flaschel, Kauermannand Semmler(2004)
for someattempts into this direction for the U.S. economy.

8 Related literature

In this section we want to compare some technical aspects of various recent macro-
dynamic models. An important technical aspect of the model of this paper is that
it exhibits Keynesianfeedback dynamics with in particular asymptotic stabilit y of its
unique interior steady state solution for low adjustment speedsof wages,prices, and
expectations among others. The lossof stabilit y occurs cyclically, generally by way of
Hopf bifurcations, when someof these adjustment speedsare made su±ciently large,
even leading eventually to purely explosive dynamics sooner or later. This latter fact
{ if it occurs { implies the need to look for appropriate extrinsic (behavioral) nonlin-
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earities that can bound the dynamics in an economicallymeaningful domain, such as
(some)downward rigidit y of wagesand pricesand the like, if the economy departs too
much from its steady state position. Our procedurefor making an explosive dynamics
bounded and thus viable stands in stark contrast to the New Keynesianapproach to
macrodynamics where on a similar level of formalization total instabilit y is desirable
and achieved by the choice of an appropriate Taylor policy rule. The economy is then
made a bounded one simply by assumption (and is thus always sitting in the steady
state if exogenouslygiven stochastic processesare removed from the dynamics). The
model of this paper can usefully be compared(on the formal level) to the New Keyne-
sian onewith staggeredwageand price dynamics. Yet, it is radically di®erent from this
approach with respect to implications, sincewe are not forced into a framework with
four forward-looking variables where we would have to look for four unstable roots in
order to get the conclusionthat the variablesare at their steadystate values(assuming
boundednessaspart of the solution procedure)aslong asonly isolatedshocks occur and
is thus driven asfar asbusinesscycleimplications areconcernedsolelyby the exogenous
stochastic processesthat are added to its deterministic core. We have forward-looking
behavior (with neoclassicaldating) and will ¯nd asymptotic stabilit y in the traditional
senseof the word over certain rangesin the parameterspace.In the caseof local insta-
bilit y we look for behavioral nonlinearities that allow the dynamicsto remain bounded
in an economicallymeaningful range,in the placeof an imposition of such boundedness
on admissiblesolution curvesand a quest for determinacy.

We, by contrast, thereforeobtain and can prove { from the purely theoretical perspec-
tiv e { basedon empirically still unrestricted sizesof the consideredadjustment speeds
of wages,prices, and quantities, the existenceof damped, persistent or explosive °uc-
tuations in the real and the nominal part of the dynamics, in the rates of capacity
utilization of both labor and capital, and of wageand price in°ation rates. Thesee®ects
here induce interest rate adjustments by the monetary authority through the attempt
to stabilize the observed output and price level °uctuations. We thus obtain a Key-
nesiantheory of an income distribution driven cycle, including a modern approach to
monetary policy in such a context. This even holds in the caseof myopic perfect fore-
sight, where the structure of the old Neoclassicalsynthesis radically dichotomizesinto
independent supply-sidereal-wageand growth dynamics{ that cannot be in°uencedby
monetary policy { and a subsequently determined in°ation dynamics, that are purely
explosive if the price level is taken as a predeterminedvariable, a situation that forces
conventional approachesto thesedichotomizing dynamicsto assumeconvergenceby an
inconsistent application of the jump-variable technique;21 seeAsada, Chen, Chiarella
and Flaschel (2004) for details. In our new matured type of Keynesianlabor and goods
market dynamicswe however can treat myopic perfect foresight of both ¯rms and wage
earnerswithout the needto adopt this `rational expectations' solution methodology in
the context of an unstablesaddlepoint dynamics,be it of old or new Keynesiantype.

From the globalperspective, if our theoretical model losesasymptotic stabilit y for higher
adjustment speeds,in the present framework speci¯cally of prices and our in°ationary
climate expression,purely explosive behavior is the generally observed outcome, as it
can be demonstratedby meansof numerical simulations. The considered,so far only
intrinsically nonlinear, model type therefore cannot be consideredas being completely

21since the nominal wage is transformed into a non-predeterminedvariable there, despite the initial
assumption of only gradually adjusting money wages.
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speci¯ed under such circumstances,since somemechanism is then required to bound
the °uctuations to economicallyviable regions.Downward moneywagerigidit y wasthe
mechanismwehaveoften usedfor this purposeandwhich wewill tried here,however with
limited success,in contrast to its successfulapplication in the numerical investigations
of the underlying theoretical model in Asada,Chen, Chiarella and Flaschel (2004).

The here estimated somewhatsimpli¯ed feedback structure of their theoretical model,
now indeedno longer (in general)supports the view (of Keynesand others) that down-
ward money wagerigidit y will stabilize the economy (as was shown in the structurally
moreelaborated theoretical paper). Instead, this downward rigidit y may now evencause
economicbreakdown whenapplied to situations that werestrongly stable(convergent to
the steady state) without it. This is due to our estimation of the dynamicsof capacity
utilization rates wherewe ¯nd, on the onehand, besidesthe usual negative dependence
on the real rate of interest, a strong negative dependenceon the real wageand thus on
incomedistribution. On the other hand, we ¯nd in the wage-priceblock of the model
the sign restrictions of New Keynesianwageand price in°ation equations(but do not
have their sign reversalsin their reduced-formexpressionslater on, due to our di®erent
handling of forward-looking expectations and the inclusion of backward-looking ones).
As far as the moneywagePhillips curve is concernedwe alsocon¯rm the form speci¯ed
in Blanchard and Katz (1999) and ¯nd a similar generalform to hold for the price in-
°ation Phillips curve. Theseestimatedcurvesthen by and large suggestthat real wage
changesdepend at best slightly positively on economicactivit y, and that this e®ectbe-
comesmore pronouncedthe more strongly nominal wagesreact to the employment gap
on the market for labor. In sum we therefore ¯nd that the growth rate of real wages
dependsnegatively on its level, with this stabilizing feedback chain to beingthe stronger
the more °exibly nominal wagesreact to labor market imbalancesin the upward aswell
as in the downward direction. Completedownward wagerigidit y may thereforebecome
a problem, and this already in situations wherethe economy is producing fairly damped
cycles(due to an interest rate policy rule that is su±ciently active), if { for instance{
the monetary authority is using too low an in°ation target.

In the numerical simulations of the estimated model we indeed then found that the
reestablishment of money wage °exibilit y in severely depressedregions of the phase
space(however coupled with somemidrange downward wage rigidit y) can avoid this
breakdown, however at the costs of persistent economic°uctuations, to someextent
below the normal operating level of the economy. In the present framework (of a pro¯t-
led goods demand regime, where real wage increaseslead to a decreasein economic
activit y) downward moneywage°exibilit y is thereforegood for economicstabilit y. The
opposite conclusionhowever holds with respect to price °exibilit y.

The dynamic outcomesof this baselinedisequilibrium AS-AD or DAS-DAD model can
be usefully contrasted with thoseof the currently fashionableNewKeynesianalternative
(the newNeoclassicalSynthesis) that in our view is more limited in scope, at leastasfar
asthe treatment of interacting Keynesianfeedback mechanismsand the thereby implied
dynamic possibilities are concerned. A detailed comparisonwith this New Keynesian
approach is provided in Chiarella, Flaschel and Franke (2004, Ch.1). This comparison
reveals in particular that one does not really need the typical (in our view strange)
dynamics of rational expectation models, basedon the speci¯cation of certain forward
looking variables, if such forward-looking behavior is coupled with backward-looking
behavior for the medium-run evolution of the economy (and neoclassicaldating in the
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forward-looking part) and if certain non-linearities in economicbehavioral make the
obtained dynamicsboundedfar o®the steadystate. In our approach, standard Keyne-
sian feedback mechanismsare coupledwith a wage-pricespiral having { besidespartial
forward-looking behavior { a considerabledegreeof inertia, with the result that these
feedback mechanismsby and large work as expected (as known from partial analysis),
in their interaction with the addedwageand price level dynamics.

9 Conclusions and Outlo ok

We have consideredin this paper a signi¯cant extensionand modi¯cation of the tradi-
tional approach to AS-AD growth dynamics,primarily by way of an appropriate refor-
mulation of the wage-priceblock of the model, that allows us to avoid the dynamical
inconsistenciesof the traditional NeoclassicalSynthesis. It also allows us to overcome
the empirical weaknessesand theoretical indeterminacyproblemsof the New Keynesian
approach that arise from the existenceof only purely forward looking behavior in base-
line models of staggeredprice and wage setting. Conventional wisdom, basedon the
rational expectations approach, however is here usedto avoid the latter indeterminacy
problemsby appropriate extensionsof the baselinemodel that enforceits total instabil-
it y (the existenceof only unstable roots), implying that the steadystate represents the
only boundedtra jectory in the deterministic core of the model (to which the economy
then immediately returns when hit by a demand,supply or policy shock).

By contrast, our alternative approach { which allows for sluggishwageas well as price
adjustment and also for certain economicclimate variables, representing the medium-
run evolution of in°ation { completely bypassesthe purely formal imposition of such
boundednessassumptions.Instead it allows us to demonstratein a detailed way, guided
by the intuition behind important macroeconomicfeedback channels,local asymptotic
stabilit y under certain plausibleassumptions(indeedvery plausiblefrom the perspective
of Keynesianfeedback channels), cyclical loss of stabilit y when theseassumptionsare
violated (if speedsof adjustment becomesu±ciently high), and even explosive °uctua-
tions in the caseof further increasesof the crucial speedsof adjustment of the model.
In the latter casefurther behavioral nonlinearities have to be introduced in order to
tame the explosive dynamics, for exampleas in Chiarella and Flaschel (2000, Ch.6,7)
where a kinked Phillips curve (downward wagerigidit y) is employed to achieve global
boundedness.

The stabilit y featuresof these{ in our view properly reformulated { Keynesiandynamics
are basedon speci¯c interactions of traditional Keynes-and Mundell-e®ectsor real rate
of interest e®ectswith real-wagee®ects.In the present framework { for our estimated
parameters{ thesee®ectssimply imply that increasingprice °exibilit y will bedestabiliz-
ing but increasingwage°exibilit y might be stabilizing. On the other hand, of monetary
policy respondssu±ciently strong to the output or in°ation gap there can be lesswage
°exibilit y to obtain boundednessof °uctuations. This is basedon the estimated fact
that aggregatedemandhere dependsnegatively on the real wageand on the extended
typesof Phillips curveswe have employed in our new approach to traditional Keynesian
growth dynamics. The interaction of thesethree e®ectsis what explains the obtained
stabilit y resultsunder the (in this casenot very important) assumptionof myopic perfect
foresight, on wageas well as price in°ation, and thus givesrise to a traditional type of
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Keynesianbusinesscycle theory, not at all plagued by the anomaliesof the textbook
AS-AD dynamics.22

Our model provides an array of stabilit y results, which however are narrowed down to
damped oscillationswhen the model is estimated with data for the U.S. economy after
World War I I (and monetary policy is made somewhatmore active in the theoretical
model than estimated). Yet, alsoin the strongly convergent case,therecanarisestabilit y
problems if the linear wage PC is modi¯ed to allow for somedownward money wage
rigidities. In such a case,pricesmay fall faster than wagesin a depression,leadingto real
wageincreasesand thusto further reductionsin economicactivit y. Wehaveshown in this
regardhow the reestablishment of downward movement may be avoided leadingthen to
a persistent business°uctuations of moreor lessirregular typeand thusback to a further
array of interesting stabilit y scenarios. As we have shown monetary policy can avoid
such downward movements and preservedampedoscillatory behavior, primarily through
the adoption of a target rate of in°ation that is chosenappropriately, and in caseof the
establishment of persistent °uctuations of the above type, reducesuch °uctuations by a
controlled activation of its responseto output gapsor a choiceof its responseto in°ation
gapsin a certain corridor, as was shown by way of numerical examples.Therefore,not
a simple answer can be given into which direction monetary policy should be changed
in order to make the economy lessand not indeedmore volatile.23

Taking all this together,our generalconclusionhereis that the hereproposedframework
does not only overcomethe anomaliesof the NeoclassicalSynthesis, StageI, but also
provides a coherent alternative to its secondstage, the New Keynesian theory of the
businesscycle,as for examplesketched in Gali (2000). Our alternative to this approach
to macrodynamics is basedon disequilibrium in the market for goods and labor, on
sluggishadjustment of pricesaswell aswagesand on myopic perfect foresight interacting
with certain economicclimate expression.The rich array of dynamic outcomesof our
model provide great potential for further generalizations.Someof thesegeneralizations
have already been consideredin Chiarella, Flaschel, Groh and Semmler (2000) and
Chiarella, Flaschel and Franke (2004). Our overall approach, which may be called a
disequilibrium approach to businesscycle modelling of mature Keynesian type, thus
provides a theoretical framework within which to considerthe contributions of authors
such asZarnowitz (1999) who alsostressesthe dynamic interaction of many traditional
macroeconomicbuilding blocks.

22SeeChiarella, Flaschel and Franke (2004) for a detailed treatment and critique of this textb ook
approach.

23The model of the current paper is numerically further explored in a companion paper, seeChen,
Chiarella, Flaschel and Hung (2004), in order to analyzein greater depth, the interaction of the various
feedback channelspresent in the considereddynamics. There is madeuseof LM curvesaswell asTaylor
interest rate policy rules, kinked Phillips curvesand Blanchard and Katz error correction mechanismsin
order to investigate in detail the various ways by which locally unstable dynamicscan be madebounded
and thus viable. The question then is which assumption on private behavior and ¯scal and monetary
policy { once viabilit y is achieved { can reduce the volatilit y of the resulting persistent °uctuations.
Our work on related models suggeststhat interest rate policy rule may not be su±cient to tame
the explosive dynamics in all conceivable cases,or even make them convergent. But when viabilit y
is achieved { for example by downward wage rigidit y { we can then investigate parameter corridors
where monetary policy can indeed reducethe endogenouslygenerated°uctuations of this approach to
Keynesianbusiness°uctuations.
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10 App endix: Estimation Results

System-Estimate: Inflation climate expression PI24
___________________________________________________________________________

DW = C(11)*DP + (1-C(11))*PI24(-1) + C(12)*VL(-1) + C(13)*UCBP(-1) + C(14)
DP = C(21)*DW+ (1-C(21))*PI24(-1) + C(22)*VC(-1) + C(23)*UCBP(-1) + C(24)

+ C(25)*D74
DLVL = C(31)* DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) +
C(43)*UCBP(-1) + C(44)*D75 + C(45) RATE = C(51)*DP + C(52)*VC(-1)
+ C(53)*RATE(-1) + C(54)

Estimation Method: Two-Stage Least Squares

Sample: 1965Q12000Q3
Included observations: 143
Total system (balanced) observations 715

Coefficient Std. Error t-Statistic Prob.

C(11) 0.710220 0.162715 4.364818 0.0000
C(12) 0.115200 0.036651 3.143111 0.0017
C(13) -0.059254 0.037881 -1.564192 0.1182
C(14) -0.104465 0.034438 -3.033454 0.0025

C(21) 0.377586 0.072645 5.197683 0.0000
C(22) 0.038070 0.007830 4.862081 0.0000
C(23) 0.092927 0.024459 3.799222 0.0002
C(24) -0.032589 0.006211 -5.247158 0.0000
C(25) 0.008626 0.002118 4.072382 0.0001

C(31) 0.182985 0.012594 14.52998 0.0000

C(41) -0.143177 0.027502 -5.206075 0.0000
C(42) -0.935544 0.198089 -4.722845 0.0000
C(43) -0.543269 0.112208 -4.841622 0.0000
C(44) -0.108770 0.013845 -7.856175 0.0000
C(45) 0.123288 0.022759 5.417063 0.0000

C(51) 0.068661 0.045923 1.495118 0.1353
C(52) 0.011430 0.004742 2.410350 0.0162
C(53) 0.913851 0.036922 24.75112 0.0000
C(54) -0.008538 0.003981 -2.144603 0.0323
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Determinant residual covariance 2.25E-25

Equation: DW= C(11)*DP + (1-C(11))*PI24(-1) + C(12)*VL(-1) + C(13)*UCBP(-1)
+ C(14)

Instruments: D74 D75 PI24(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.575093 Meandependent var 0.014427
Adjusted R-squared 0.565923 S.D. dependent var 0.006773
S.E. of regression 0.004462 Sumsquared resid 0.002768
Durbin-Watson stat 1.680537

Equation: DP = C(21)*DW+ (1-C(21))*PI24(-1) + C(22)*VC(-1) + C(23)*UCBP(-1)
+ C(24) + C(25)*D74

Instruments: D74 D75 PI24(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.792474 Meandependent var 0.010623
Adjusted R-squared 0.786459 S.D. dependent var 0.006097
S.E. of regression 0.002817 Sumsquared resid 0.001095
Durbin-Watson stat 1.622519

Equation: DLVL = C(31)*DLVC
Instruments: D74 D75 PI24(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(

-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.661433 Meandependent var 7.08E-05
Adjusted R-squared 0.661433 S.D. dependent var 0.003563
S.E. of regression 0.002073 Sumsquared resid 0.000610
Durbin-Watson stat 1.339455

Equation: DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) + C(43)*UCBP(-1)
+ C(44)*D75 + C(45)

Instruments: D74 D75 PI24(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.450896 Meandependent var -0.000399
Adjusted R-squared 0.434980 S.D. dependent var 0.017845
S.E. of regression 0.013414 Sumsquared resid 0.024830
Durbin-Watson stat 1.494882
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Equation: RATE = C(51)*DP + C(52)*VC(-1) + C(53)*RATE(-1) + C(54)
Instruments: D74 D75 PI24(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(

-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.891711 Meandependent var 0.017217
Adjusted R-squared 0.889374 S.D. dependent var 0.007143
S.E. of regression 0.002376 Sumsquared resid 0.000785
Durbin-Watson stat 1.706658

System-Estimate Inflation climate expression PI12
___________________________________________________________________________

DW = C(11)*DP + (1-C(11))*PI12(-1) + C(12)*VL(-1) + C(13)*UCBP(-1) + C(14)
DP = C(21)*DW+ (1-C(21))*PI12(-1) + C(22)*VC(-1) + C(23)*UCBP(-1) + C(24)

+ C(25)*D74
DLVL = C(31)*DLVC
DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) + C(43)*UCBP(-1) + C(44)*D75 + C(45)
RATE = C(51)*DP + C(52)*VC(-1) + C(53)*RATE(-1) + C(54)

Estimation Method: Two-Stage Least Squares

Sample: 1965Q12000Q3
Included observations: 143
Total system (balanced) observations 715

Coefficient Std. Error t-Statistic Prob.

C(11) 0.490226 0.187713 2.611574 0.0092
C(12) 0.131183 0.033209 3.950200 0.0001
C(13) -0.066962 0.034465 -1.942892 0.0524
C(14) -0.119487 0.031206 -3.828928 0.0001

C(21) 0.184763 0.079613 2.320760 0.0206
C(22) 0.042185 0.007050 5.983426 0.0000
C(23) 0.054794 0.021707 2.524261 0.0118
C(24) -0.035235 0.005556 -6.342266 0.0000
C(25) 0.008689 0.001883 4.613379 0.0000
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C(31) 0.184250 0.012602 14.62041 0.0000

C(41) -0.143177 0.027502 -5.206075 0.0000
C(42) -0.935544 0.198089 -4.722845 0.0000
C(43) -0.543269 0.112208 -4.841622 0.0000
C(44) -0.108770 0.013845 -7.856175 0.0000
C(45) 0.123288 0.022759 5.417063 0.0000

C(51) 0.055179 0.046312 1.191477 0.2339
C(52) 0.011726 0.004754 2.466403 0.0139
C(53) 0.920816 0.037100 24.81997 0.0000
C(54) -0.008756 0.003991 -2.193869 0.0286

Determinant residual covariance 2.73E-25

Equation: DW= C(11)*DP + (1-C(11))*PI12(-1) + C(12)*VL(-1) + C(13)*UCBP(-1)
+ C(14)

Instruments: C D74 D75 PI12(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1)

R-squared 0.611075 Meandependent var 0.014427
Adjusted R-squared 0.602681 S.D. dependent var 0.006773
S.E. of regression 0.004269 Sumsquared resid 0.002533
Durbin-Watson stat 1.687612

Equation: DP = C(21)*DW+ (1-C(21))*PI12(-1) + C(22)*VC(-1) + C(23)*UCBP(-1)
+ C(24) + C(25)*D74

Instruments: C D74 D75 PI12(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1)

R-squared 0.835578 Meandependent var 0.010623
Adjusted R-squared 0.830812 S.D. dependent var 0.006097
S.E. of regression 0.002508 Sumsquared resid 0.000868
Durbin-Watson stat 1.641296

Equation: DLVL = C(31)*DLVC

Instruments: C D74 D75 PI12(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1)

R-squared 0.660159 Meandependent var 7.08E-05
Adjusted R-squared 0.660159 S.D. dependent var 0.003563
S.E. of regression 0.002077 Sumsquared resid 0.000613
Durbin-Watson stat 1.345388
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Equation: DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) + C(43)*UCBP(-1) + C(44)*D75
+ C(45)

Instruments: C D74 D75 PI12(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1)

R-squared 0.450896 Meandependent var -0.000399
Adjusted R-squared 0.434980 S.D. dependent var 0.017845
S.E. of regression 0.013414 Sumsquared resid 0.024830
Durbin-Watson stat 1.494882

Equation: RATE = C(51)*DP + C(52)*VC(-1) + C(53)*RATE(-1) + C(54)

Instruments: C D74 D75 PI12(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1)

R-squared 0.891221 Meandependent var 0.017217
Adjusted R-squared 0.888873 S.D. dependent var 0.007143
S.E. of regression 0.002381 Sumsquared resid 0.000788
Durbin-Watson stat 1.708475

System-Estimate: Inflation climate expression PI6
___________________________________________________________________________

DW = C(11)*DP + (1-C(11))*PI6(-1) + C(12)*VL(-1) + C(13)*UCBP(-1) + C(14)
DP = C(21)*DW+ (1-C(21))*PI6(-1) + C(22)*VC(-1) + C(23)*UCBP(-1) + C(24)

+ C(25)*D74
DLVL = C(31)*DLVC
DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) + C(43)*UCBP(-1) + C(44)*D75 + C(45)
RATE = C(51)*DP + C(52)*VC(-1) + C(53)*RATE(-1) + C(54)

Estimation Method: Two-Stage Least Squares

Sample: 1965Q12000Q3
Included observations: 143
Total system (balanced) observations 715

Coefficient Std. Error t-Statistic Prob.
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C(11) 0.274457 0.235362 1.166108 0.2440
C(12) 0.123058 0.029410 4.184269 0.0000
C(13) -0.081909 0.033900 -2.416156 0.0159
C(14) -0.111857 0.027638 -4.047154 0.0001

C(21) 0.100938 0.091078 1.108260 0.2681
C(22) 0.030465 0.006397 4.762441 0.0000
C(23) 0.018408 0.022273 0.826471 0.4088
C(24) -0.025338 0.005025 -5.042319 0.0000
C(25) 0.006947 0.001863 3.728085 0.0002

C(31) 0.184470 0.012573 14.67239 0.0000

C(41) -0.143177 0.027502 -5.206075 0.0000
C(42) -0.935544 0.198089 -4.722845 0.0000
C(43) -0.543269 0.112208 -4.841622 0.0000
C(44) -0.108770 0.013845 -7.856175 0.0000
C(45) 0.123288 0.022759 5.417063 0.0000

C(51) 0.057076 0.046682 1.222635 0.2219
C(52) 0.011684 0.004754 2.457612 0.0142
C(53) 0.919836 0.037216 24.71633 0.0000
C(54) -0.008725 0.003991 -2.186345 0.0291

Determinant residual covariance 3.15E-25

Equation: DW= C(11)*DP + (1-C(11))*PI6(-1) + C(12)*VL(-1) + C(13)*UCBP(-1)
+ C(14)

Instruments: D74 D75 PI6(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.612699 Meandependent var 0.014427
Adjusted R-squared 0.604340 S.D. dependent var 0.006773
S.E. of regression 0.004260 Sumsquared resid 0.002523
Durbin-Watson stat 1.608989

Equation: DP = C(21)*DW+ (1-C(21))*PI6(-1) + C(22)*VC(-1) + C(23)*UCBP(-1)
+ C(24) + C(25)*D74

Instruments: D74 D75 PI6(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.835884 Meandependent var 0.010623
Adjusted R-squared 0.831127 S.D. dependent var 0.006097
S.E. of regression 0.002506 Sumsquared resid 0.000866
Durbin-Watson stat 1.722328
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Equation: DLVL = C(31)*DLVC
Instruments: D74 D75 PI6(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(

-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.659930 Meandependent var 7.08E-05
Adjusted R-squared 0.659930 S.D. dependent var 0.003563
S.E. of regression 0.002078 Sumsquared resid 0.000613
Durbin-Watson stat 1.346403

Equation: DLVC = C(41)*VC(-1) + C(42)*RRATE(-1) + C(43)*UCBP(-1) + C(44)*D75
+ C(45)

Instruments: D74 D75 PI6(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(
-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.450896 Meandependent var -0.000399
Adjusted R-squared 0.434980 S.D. dependent var 0.017845
S.E. of regression 0.013414 Sumsquared resid 0.024830
Durbin-Watson stat 1.494882

Equation: RATE = C(51)*DP + C(52)*VC(-1) + C(53)*RATE(-1) + C(54)
Instruments: D74 D75 PI6(-1) UCBP(-1) UCBP(-2) UCBP(-3) UCBP(

-4) UCBP(-5) UCBP(-6) UCBP(-7) UCBP(-8) UCBP(-9) UCBP(-10)
UCBP(-11) UCBP(-12) VL(-1) VC(-1) RATE(-1) RRATE(-1) C

R-squared 0.891300 Meandependent var 0.017217
Adjusted R-squared 0.888954 S.D. dependent var 0.007143
S.E. of regression 0.002380 Sumsquared resid 0.000788
Durbin-Watson stat 1.708345
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