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Abstract

In the framework of a Keynesian based monetary macro model we study the
implications of targeting monetary aggregates or targeting the interest rate as
two alternative monetary policy rules. Whereas the former targets the inflation
rate indirectly, through the control of the money supply, the latter, also called
the Taylor rule, implies direct inflation targeting. Our monetary macromodel ex-
hibits: asset market clearing, disequilibrium in the product and labor markets,
sluggish price and quantity adjustments, two Phillips curves for the wage and
price dynamics and expectations formation which represents a combination of
adaptive and forward looking behavior. The parameters of different model vari-
ants are estimated partly through single equation and partly through subsystem
estimations for U.S. time series data 1960.1-1995.1. With the estimated parame-
ters system simulations for the two monetary policy rules are performed and the
stability as well as impulse-response properties of the two rules are explored.
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1 Introduction

Recently, in macroeconomics the quantitative study of monetary policy rules has been
undertaken in a variety of frameworks. Such frameworks are, for example, the large-
scale macroeconometric models (Fair, 1984 and the contributions collected in Taylor,
1999), the VAR (Bernanke and Blinder, 1992, Sims,1997, Fuhrer and Moore,1995) and
the optimization based approach (Rotemberg and Woodford, 1997, 1999 and Christiano
and Gust, 1999). Usually two alternative monetary policy rules have been considered,
namely the monetary authority 1) targeting monetary aggregates or 2) targeting the
interest rate. The former implies an indirect and the latter a direct inflation targeting.
The latter rule originates in Taylor (1993) and has also been called the Taylor rule.! As
has been shown historically, most central banks of OECD countries switched during the
1980s from the policy of controlling monetary aggregates to targeting inflation rates
through controlling short -term interest rates.? The second type of monetary policy
rule, the Taylor rule, has recently been given much attention and has extensively been
evaluated in the context of macroeconometric frameworks, see Taylor (1999). This
paper employs a small scale Keynesian integrated macromodel to evaluate the above
monetary rules of central banks’.

The Keynesian monetary growth model presented and estimated here exhibits along
the lines of Flaschel, Franke and Semmler (1997) asset market clearing, disequilibrium
in product and labor market, sluggish price and quantity adjustments, two Phillips-
curves for the wage and price dynamics and expectations formulation which represents
a combination of adaptive and forward looking behavior. Moreover, as in Chiarella
and Flaschel (2000, Ch.6), the current paper also includes real growth, inflationary
dynamics and inventory adjustment. As to the historical tradition, on the demand
side it is Keynesian, it makes use of Kaldor’s distribution theory, uses the asset market
structure as in Sargent’s (1987, part I) Keynesian model, employs Malinvaud’s (1980)
investment theory, and a Metzler type inventory adjustment process® and uses an
expectations mechanism which is forward and backward looking.*

More specifically, we consider a closed three sector economy (households, firms and
government), where there exist five distinct markets; for labor, goods, money, bonds
and equity (which are perfect substitutes of bonds).> In order to briefly summarize
our model we use the following table. We employ the index d to denote ‘quantities
demanded’ and no index in the case of ‘quantities supplied’. The symbols in the
following table should be clear as to their economic meaning (a detailed list of the

LA rule of this type, however, can already be found in Fair (1984).

2See Svensson (1997). Although the German Bundesbank claims that it always had target the
money supply there are several papers which show that in fact the Bundesbank has also used interest
rate targeting, see Clarida and Gertler, (1995), Bernanke and Mihov (1998) and Clarida, Gali and
Gertler (1997).

3See Franke and Lux (1993) and Franke (1996).

4See Groth (1988) and many recent contributions collected in Taylor (1999)

5We restrict ourselves to this standard, basic framework to stay, at least initially, very close to
traditional foundations of Keynesian dynamics, see Sargent (1987, Ch.I-V) and Chiarella and Flaschel
(2000, Ch.1).



notation employed is provided in the appendix).

Labor Goods Money | Bonds | Equities
market | market | market | market | market

Households L C M? B¢ E‘
Firms L? Y, I+ 0K - - E
Government — G M B —

This is the basic structure of the closed economy model considered in this pa-
per. Firms have desired capacity and desired inventories. Temporary deviation from
those benchmarks are caused by unexpected changes in aggregate goods demand. A
distinguishing feature of Keynesian models, in particular in contrast to equilibrium
macromodels,® is that the consideration of under- or over-utilized capital besides an
under- or over-utilized labor force is important. Yet, even in Keynesian tradition it
has often been neglected, see Malinvaud (1980) for an exception in the context of a
stationary economy.

Moreover, we include growth in a, although basic, but consistent way—a feature
that is generally not often explored in the literature on Keynesian macrodynamics.”
The fact that growth is lacking in most monetary disequilibrium macromodels is an
important discontinuity in the development of the literature on such macroeconomics.
Furthermore, our small scale model is complete in the sense that we consider all the
major markets and define the financing conditions and budget restrictions of house-
holds, firms and the government. The model gives rise to nine interdependent laws of
motion or — via a suitable assumption on wealth effects and tax collection — to a six-
dimensional integrated dynamic system that neglects the dynamics of the government
budget constraint in particular.

It should also be noted that all behavioral and technical relationships in the fol-
lowing model have been chosen to be linear as much as possible. It is not difficult to
introduce into the model some well-known nonlinearities that have been used in the
literature on real, monetary and inventory dynamics of Keynesian type. We use only
unavoidable nonlinearities in the model. Such nonlinearities naturally arise from the
growth rate formulation of certain laws of motion, certain unavoidable ratios and the
multiplicative interaction of variables. Already on the basis of these most basic types
of nonlinearities it can be shown that interesting dynamic properties will arise — with-
out any ‘bending of curves’ often employed to tame the assumed explosive dynamical
behavior of the partial submodels.

The model’s dynamic features for the two policy regimes are explored for certain
parameter constellations. We transform, and also extend, the continuous time model
of Chiarella and Flaschel (2000, Ch.6) into a discrete time model. The general dynamic
behavior of our system cannot be studied analytically with currently available tech-
niques — apart from being able to make some basic statements about it. For the model

6See, for, example, Flaschel, Franke and Semmler (1997, Chs.1-4).

"Keynesian models of growth are rarely mentioned in surveys on the literature on monetary growth,
as for example, in the recent survey article on ‘Money, inflation and growth’ by Orphanides and Solow
(1990).



with money supply rule it is indicated, following Chiarella and Flaschel (1996, 2000,
Ch.6), that for a certain range of parameter constellations interesting dynamics, for ex-
ample, persistent cycles, may arise. On the other hand, the Taylor rule appears to add
further stabilizing forces to this type of model, since it counteracts the destabilizing
Mundell effect of inflationary expectations in a more direct way.

In order to match the model with the U.S. macroeconomic time series data we esti-
mate key parameters through single equation or subsystem estimations using data from
1960.1-1995.1. In the estimation of the parameters for the wage-price dynamics and for
the inventory dynamics as well as investment and consumption functions, expectations
variables appear which are not observables. We can, however, transform the equa-
tions to be estimated and estimate the adjustment speeds involved in the expectations
dynamics.

Given our parameter estimates we can explore the stability properties of our two
policy rules and can study the question whether the impulse-response functions of our
model variants match those of the data. Since both policy rules are defined here as
feedback rules we find that they generate less instability than compared with studies
that employ only auto regressive processes for the monetary policy.® Overall, our
model is roughly able to replicate well known stylized facts obtained, for example, from
VAR studies of macroeconomic variables. Our macroeconometric framework should be
viewed only as first step toward describing the historical data and policy rules in a
disequilibrium framework. Yet, it appears useful, since its results can compete with
currently widely used equilibrium macromodels of RBC type.

The remainder of the paper is organized as follows. Section 2 introduces the small
scale integrated monetary macromodel. Section 3 studies the steady state and the
dynamics of the model, in intensive form. In section 4 we describe our econometric
estimation strategy and report results from our estimations. Section 5 evaluates our
results and section 6 concludes the paper. The appendices provide the notation used.

2 A Monetary Macrodynamic Model

In this section we reformulate and generalize the continuous time monetary macromodel
as developed in Chiarella and Flaschel (2000, Ch.6) and extended in Chiarella, Flaschel,
Groh and Semmler (2000), in discrete time which makes the time structure of the model
much more transparent. We provide a structural form of the model that is theoretically
coherent in its use of budget constraints, dating of activities and expectations and that
— due to its specific extensions — can be investigated from the empirical point of view.
The model is presented in terms of modules where each of them allows for a number of
modifications that do not change the implied dynamics in significant ways, but make
it more realistic from the empirical point of view.

We start with some notations. A complete list of notations is given in the ap-
pendix. Our Keynesian disequilibrium model uses in particular the following variables
characterizing income distribution and asset allocation:

L. Definitions (real remunerations, real wealth and rates of growth):
W = wt/pta Uy = wt/xta Pf = (Yte — 0K — WtL(ti)/Kt—la (1)
8See, for example, Christiano and Gust (1999).
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Wy = (M1 + By + petEy—1) /D, po = 1. (2)
pio= (V" =Ky —wlf)/ K, (3)
Vi = UYP/(1+nBu), Y'=UY?, L'=Y"/x (4)
Z = Az/zi1= (2 — 2z-1)/z-1, growth rate of a variable z (5)

This set, of equations represent real wages, w; and the wage share u;, the expected real
rate of return on capital, pf, based on sales expectations Y, at ¢ — 1 for the present
point in time ¢ and the definition of the current stock of real wealth W,. Note that
stocks that exist at time ¢ are indexed by ¢ — 1, while their actual reallocation and
revaluation happens in ¢ and is thus indexed by ¢. Note also that secondary market
components of our financial markets are integrated (later on) with the primary one,
i.e., new issue and new demand for such assets, since there is no separation between
primary and secondary markets (new issues and resale) in the present model type, see
module 5. Current real wealth held by households in ¢ is here composed of money
M,_,, fixed price bonds B,_; (p, = 1) and equities E;,_; as in Sargent (1987)° and is
determined on the basis of the current market prices for equities, p., and output p.
Furthermore, current output is produced with the capital stock given at ¢t —1 and with
labor that is paid in t. Note furthermore that the definition of growth rates Z, and of
first differences, is indexed forward in order to ease the presentation of the intensive
form of the model later on. Note finally that we have added here the definition of the
normal rate of return on capital, which is based on full capacity operation and which
thus only varies with the real wage rate, in order to allow for an investment function
(later on) that separates profitability effects from changes in actual activity levels.

Describing income distribution and savings along the line of Kaldor (1966)'" we
propose the behavior of households, represented by workers and asset holders, to be
determined by the following set of equations. All behavioral equations are chosen as
linear as possible. Only intrinsic ‘natural’ nonlinearities are allowed for at present.
Later, extrinsic nonlinearities may be added in a systematic way.

2. Households (workers and asset-holders):
Ci (1= sw)(WeL{ + By /e — T)")
+ (= se)(pi Ky + 1By /o = T7),
Spt = sw(wel{ + B [y = T}) + se(pf K11 + reBi_y [py — TY)
Wt + Spt = (Mtd + Bf + petEtd)/pta

L,y = n; = const.
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Aggregate consumption of households, C;, see equ. (6), is based on differentiated
saving ratios, S, s., of workers and pure asset holders. Workers save in the form of
bonds and thus have real interest income of amount r,B;”,/p; in addition to their
wage income w;L¢. We assume for both types of households that their real taxes,
Ty, TF, are paid out of their income in a lump sum fashion (see module 4.). Equ.
(7) provides the definition of real private savings, Sy, of both workers and pure asset

% Assuming consols (p = 1/r;) in place of the fixprice bonds assumed by Sargent (1987) does not
significantly alter the dynamics of the private sector to be considered below, due to the neglect of
interest income and wealth effects in the present formulation of the model.

10We do, however, not consider corporate saving as Kaldor did.



holders, which is, in equ. (8), allocated to the actual changes in the stock of money,
of bonds and of equities. Equ. (8) thus states how real wealth and real savings act as
budget restriction for aggregate stock demand for real money balances, real bond and
real equity holdings of both workers and asset owners at time ¢ (Walras’ law of stocks
and flows). The supply of labor, L;, is inelastic at each moment in time with a rate of
growth, f/t+1, given by n;, the natural rate of growth. Note here again that we use end
of period indices to characterize growth rates of quantities and prices.

The production sector and the behavior of firms are described by the following set

of equations:

3. Firms (production, investment and inventory):
1/;17 = ypthla yp = const. ) Ut = K/Kpa
LY = Y,/v, & =n, = const., V;=L'/L, =Y,/(xL,),

(10)
(11)
L/Kiw = (" == —=m")+ iUy —U)+n, n=n+n, (12)
(13)
(14)

Sft = th:K—Yf:Zt,
Ve # YP=C+ L +6K 1+ G,

et AL
p; L= L4YP—Yi=I1+AN, -1,
t
AEt == Et - Et—la ANt = Nt - Nt—l (15)
Kt - AKt/Kt,1 - [t/thla AKt - Kt - thl' (16)

According to equ.s (10),(11), firms produce output, Y;, in the technologically sim-
plest way possible, via a fixed proportions technology characterized by the given po-
tential output-capital ratio y? = Y /K, ; and a ratio z between actual output Y; and
labor L¢ needed to produce the output, which grows in time with the given rate n,.
This simple concept of a fixed proportions technology exhibiting Harrod neutral tech-
nical progress allows for a straightforward definition of the rate of utilization of capital,
Uy, and labor, V;.'' Note that current investment I; will not have a capacity effect in
the current point in time ¢, i.e., capacity output is restricted by the capital stock K;_q,
and that labor is paid ex post, at ¢, from the proceeds obtained from current sales, V4.

In equ. (12) investment per unit of capital, I;/K; 1, is driven by two forces, the
excess return of the normal rate of return on capital, p}*, over the real rate of interest,
ry — ", and the (then uncorrelated) deviation of actual capacity utilization U, from
the normal or non-accelerating -inflation rate of capacity utilization U. Note that all
these rates are understood as medium run averages to be explained below. Note also
that we have added a risk premium to the real rate of interest in comparison to the real
rate of return on capital. There is also an unexplained trend term in the investment
equation which is set equal to the natural rate of growth, plus the rate of technical
progress, for reasons of simplicity, see also Sargent (1987, Ch.5) in this regard. An
endogenous treatment of the trend term may however be desirable.?

Savings of firms, equ. (13), is equal to the excess of output over expected sales
(caused by planned inventory changes). We assume in this model that expected sales

1 Chiarella and Flaschel (2000, Ch.5) show how such an approach can be extended to the case of
smooth factor substitution without substantial change of the model.

12Gee Chiarella, Flaschel, Groh and Semmler (2000) for a demonstration that the nature of the
present approach to disequilibrium growth is not changed very much by the inclusion of, for example,
endogenous technical change of Uzawa-Lucas-Romer type.



are the basis of firms’ dividend payments (after deduction of capital depreciation, § K;_;,
and real wage payments, w;L?.)13. Equ. (14) shows the excess of expected demand
over actual demand. In the present version of the model any such excess demand has
to be financed by firms by issuing new equity (or gives rise to windfall profits if this
excess is negative). It follows, as expressed in equ. (15), that the total amount of new
equity issued by firms must equal the intended fixed capital investment and unexpected
inventory changes, Y,*—Y4 = N, — N,_; —Z;; compare our formulation of the inventory
adjustment mechanism in module 6. Finally, equ. (16) states that (fixed business)
investment plans of firms are always realized in this Keynesian (demand oriented)
context, by way of corresponding inventory changes.

We now turn to a brief description of fiscal and monetary policy rules where the
former are here still chosen in a way as simple as possible!* in the context of a growing
economy, since we want to concentrate on the behavior of the private sector of the
economy and on monetary policy rules in the following (all fiscal variables are thus
given magnitudes in the intensive form of the model). Government savings is defined
in equ. (19) and the government budget restriction is given by equ. (22), which however
is of no importance for the dynamics of the model due to our neglect of interest income
and wealth effects.

4. Government (fiscal and monetary authorities):

T T — B /pe — const., 1°= Ty —reBi /pe
thl thl
Gy = gK,1, g=const. (T, =T +1TY)

(

(

= T, =By /pe — Gy = (1Y +t° — g) Ky, (
y (
(

(

= const.

=&
o

AMt/Mtfl =y, AM;= My — M;

Mt = Mt + /Bml (ﬂ - /Ltfl) + Bmz (7_1— - ﬁt+1) + Bmg(U - Ut)7 Bmi >0
ABy = pGy+1Bio1 —pdy — AM;, AB; = By — By_;.

As money supply rule has been extended in comparison to earlier presentations of
the macro model in order to be directly comparable to the interest rate policy rule to
be described below.!®

As stated we want to focus on monetary policy in this paper and we thus have
stylized fiscal policy in as simple a way as possible. As regards to the monetary policy

BFurther instruments for the financing decision of firms are considered in Franke and Semmler’s
(1999) model of the financial market. For simplicity we here, however, stick to the framework used in
Sargent (1987, part I) and assume that firms do not borrow and retain no expected earnings

14We here assume that government expenditure per unit of capital is a given magnitude. The same
holds for wage taxation and property income taxation, both net of interest, see Sargent (1987, Ch.5)
for the same type of assumption, but also .

15Note that interest rate steering according to this money supply rule is fairly roundabout, since it
involves all of the following static and dynamic equations (written for simplicity in continuous time):

<

= ro+(h1y/\_m)/h2) m:M/(pK)
mo= p—(p+K)
ll = Bml(ﬂ—,u,)+Bm2(ﬁ—ﬁ)+6m3(U—U)

The Taylor interest rate policy rule, to be described below, is much more directly operating on the
interest rate in order to steer economic activity and the rate of inflation.
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we will explore alternative rules. Module 4 above assumes that the monetary authority,
for controlling inflation, targets the supply of money, as represented in equ. (21).We
formulate the money supply rule as feedback rule. The growth rate of the money
supply, M , is assumed to be steered towards a constant target term fi, but subject to
temporary deviations when current inflation differs from the target level which in turn
are subject to further deviations by a term that characterizes the current state of the
business cycle. Too high inflation as compared to the target level thus, for example,
induce the central bank to moderate its adjustment towards the growth target i and
this the more the higher the activity in the business cycle whereby it is assumed that
T=Uu—n.

As modern alternative to this money supply oriented policy we also investigate the
Taylor rule according to which the monetary authority aims at setting the nominal
rate of interest in response to deviations of the interest rate from its steady state value,
the deviations of the actual rate of inflation, p;, from a target rate of inflation, 7,
and the deviations of the actual rate of capacity utilization from the target rate of
capacity utilization, see equation (23) below. We also assume, as in Clarida, Gali and
Gertler (1998), some interest rate smoothing in the application of the Taylor rule. This
alternative rule, often called the central bank’s reaction function, thus reads:

Tiy1 =T — Brl (Tt - 7”0) + 61"2 (ﬁtJrl - 7_T) + Brs(Ut - U)a Bn‘ > 0. (23)

Note that the here employed rate of inflation is a forward rate of inflation'” where we, in
contrast to our use of expected medium run averages, disregard errors in expectations
formation, see our presentation of the wage-price sector in module 7 of the model
where myopic perfect foresight interacts with medium run expectations of inflation in
the mutual interdependence of the wage and price setting process. Note finally that
the above Taylor rule assumes that money demand is always realized at the nominal
rate of interest set by the monetary authority. In view of the fiscal rules for government
and either of the monetary rules for the central bank the issue of new bonds by the
government (net of open market operations by the central bank) is then determined
residually via equ. (22). This states that the resulting money and bond financing must
exactly cover the deficit in government expenditure financing. This holds also for the
Taylor rule.'®
We now describe the asset market equilibrium conditions of the model:

5. Equilibrium conditions (asset-markets):
Wi+ Sy = (M + Bf +puE})/p, (24)
M, = Mtd = hiptYs + hope K1 (1o — T141) (25)

160ne has to assume, that® = /i — n holds in order to get a steady state solution for the model.
17Svensson (1997) suggests such a formulation of the inflation gap.
18The rate of change of the money supply u implied by the Taylor rule reads (in terms of continuous
time for simplicity):
h1Y + hQK(’FD — 7“) — hao K7
h1Y + h2K(T0 — T)
This expression differs considerably from the money supply rule of module 4. of the model. It

must be inserted into the Government budget constraints (22) in order to determine the evolution of
government debt in the case of the Taylor interest rate policy rule.

p=M=p+



P Yy — 0pp I — wi Ly (De1 — pet) B

r = +
T Pet By Pet Bt
PrpPr Ky |
= 4 pe 26
o t Dejt+1 (26)
B, = B,.,+AB,=B! FE,=E,_, +AE =E" (27)

The source of the stock demands for financial assets is again shown in (24) as the
aggregate real value of the existing stock at current market prices plus real savings
of workers and the assets owning households. Money demand is specified as a simple
linear function of nominal output, p;Y;, and interest ;1 to be paid on the currently
traded bonds in the next period (r, the steady state rate of interest), but with K; in
place of Wy, as measure of real wealth. This equation determines the rate of interest
for the period [t,¢ + 1] on the basis of predetermined values for the other variables of
the money demand equation.'”Note also that money market equilibrium (25) does not
feed back into the rest of the model in the case of the Taylor monetary policy rule,
in which case money supply is always adjusted in order to meet money demand at
the nominal rate of interest 7,1 set by the central bank. The form (25) of the money
demand function is chosen in the above way in order to allow for a simple formula
for the nominal rate of interest in the intensive form of the model. Nonlinear money
demand functions with real wealth in the place of the capital stock would be more
appropriate and thus should replace this simple function in further extensions of this
model. 2

Asset markets are assumed to clear at all times. Equ. (25) describes this assumption
for the money market providing the equation for the current market rate of interest to
be used for the payments of interest in the next point in time in the case of the money
supply rule (21). Bonds and equities are assumed to be perfect substitutes (on the basis
of expected or actual rates of return in ¢4 1 which are formed in ¢ based on information
known at ¢) when the trade on the stock market is performed, see equation (26). This
equation assumes myopic perfect foresight and equates on this basis the interest rate
with the expected rate of return on equities, i.e., the sum of the dividend rate of return
and of the actual capital gains per share in the period [¢,¢ 4 1]. Due to the neglect of
wealth effects this equation does not feed back into the rest of the dynamics and is thus
neglected in the following. Assuming that bonds and equities are perfect substitutes
amounts to assuming, in the light of the assumed Walras’s law of stocks and flows that
the clearing of the money market implies that the bond and equity market are then
cleared as well, with wealth holders accepting any reallocation of their wealth with
respect to bonds and equities.

The disequilibrium in the goods market is an important driving force for the dy-
namics of our economy. This is described by the following set of equations:

6. Disequilibrium in the goods market (adjustment mechanism):

19This convention conforms with the definition of pf,, that we use in the determination of share
prices below.

20The above simple money demand function can be obtained as a Taylor approximation of a general
money demand function if it is assumed that money demand is homogeneous of degree 1 in income
and wealth and if the variable K; is used as a proxy for the evolution of real wealth.



St - Spt + Sgt + Sft - petAEt/pt + It = [t + ANt, (28)

Y;d = Ct + Gt + It + (5th1, (29)
= (1 —5)Y "+ (sc — sw)thf +vK_q
+ ((p == (" —a™)) + iUy — U) +n+0)K_y

Nf = BaYy 30
T, = nN{+ Ba(N! — Nyiov), 31
Y, =

(30)

(31)

Y+, (32)
Yiir = Y +nY 4 B (V! - YY) (33)
Ny = Nt—1+Yt—Ytd- (34)

It is easy to check, by means of the presented budget equations and savings rela-
tionships, that the consistency of new money and new bonds flow supply and demand
implies the consistency of the flow supply and demand for equity. Equ. (28) of this
disequilibrium block of the model describes on this basis simple identities that can be
related with the ex post identity of total savings S; and total investment I;* for a closed
economy. It is here added for accounting purposes solely. Equ. (29) defines aggregate
demand, Y%, which is assumed to be never constrained in the present model.

In equ. (31) desired inventories N{ are assumed to be a constant fraction of ex-
pected sales, Y}, and intended inventory investment, Z;, is determined on this basis via
the adjustment speed [, multiplied by the current gap between intended and actual
inventories, (N — N;). The latter is augmented by a growth term that integrates in
the simplest way the fact that this inventory adjustment rule is operating in a growing
economy. Output of firms, Y}, in equ. (32) is the sum of expected sales and planned
inventory adjustments. Sales expectations are formed in a purely adaptive way, see
equation (33). Finally, in eq. (34), actual inventory changes are given by the discrep-
ancy between actual output, Y;, and actual sales, Y,%.

We now turn to the last module of our model which is the wage-price module. It
decomposes the standard across markets Phillips curve mechanism into two dynamic
equations augmented by a law of motion for inflationary expectations formation con-
cerning the medium run.

7. Wage-Price-Module (adjustment equations):
Wepr = Bu(Ve= V) + ki (Prir +ng) + (1= k) (T + ng), (35)
Prir = Bp(U = U) + kp(p1 — ng) + (1 — kp)me, (36)
Tep1 = T+ Br(Dryr — ). (37)

Our above representation of the wage-price module of the model is based on fairly
symmetric assumptions on the causes of wage- and price-inflation. Wage inflation for
[t,t + 1], according to eq. (35), is driven, on the one hand, by a demand pressure
component, given by the deviation of the actual rate of employment, V,, from the
NAIRU-rate, V. On the other hand, it is driven by a cost push term, measured by
a weighted average of the short-run future rate of price inflation, p,y; (representing
myopic perfect foresight) and an expected rate of inflation, m;, which we interpret as
concerning the medium run, both augmented by the growth rate of labor productivity.
Similarly, in equ. (36), price inflation is driven by the demand pressure term, (U; —
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U), U the NAIRU rate of capacity utilization, and a cost pressure term, represented
by the weighted average of the short-run future rate of wage inflation w;,,, again
allowing for perfect foresight in the short-run, to be diminished by the growth rate
of labor productivity, and again the rate of inflation 7; expected to hold over the
medium-run.?' The rate of inflation 7, expected to hold over the medium run, is in
turn determined by assuming that it follows a weighted average of past inflation rates,
leading to an inflationary expectations mechanism as in (37).

We stress that we have assumed myopic perfect foresight as far as asset markets and
short-run expectations in the wage-price mechanism are concerned. This is unproblem-
atic for the Keynesian structure of the model as long as wage and price adjustment does
not solely depend on these short run measures of cost-pressure, but is also paying at-
tention to adaptively formed medium run or average developments of inflation thereby
introducing inertia into the accelerator terms of the wage-price dynamics regarding
upward or downward adjustments of wages and prices. The short-run accelerators co-
efficients in the wage and price Phillips curves are thus both smaller than one, which
reduces the power of the myopic perfect foresight to a rather secondary issue, (though
rational expectations are in fact assumed in order to put not too much weight on pos-
sible short-run errors in inflationary expectations). Yet, as far as sales expectations
are concerned we still rely in this model on a simple adaptive expectations mechanism.

Short-run expectations of price and wage inflation (as said for reasons for simplicity
without any error term) thus do not translate themselves one to one and immediately
into wage claims or price level changes, but they are here further increased (diminished)
if past inflation rates have been higher (lower) and / or if future inflation over the
medium run is expected to be higher (lower) compared to what is currently the case.
These aspects of our wage-price sector introduce inertia in a new way without violation
of the condition that the labor market and the goods market must be balanced at
the steady state. Assuming errors in the judgments on currently occurring wage and
price inflation would make the model more realistic, but would not alter its dynamics
significantly, since the important thing in this module is represented by the fact that
the coefficients in front of current price and wage cost pressures are in general less
than unity?? (as was found in empirically oriented studies of the short-run accelerator
term in the conventional price Phillips curve). We thus neglect errors in wage-price
changes that are currently occurring and thus include into our model a perfectness that
is generally considered a problem for conducting Keynesian type aggregate demand
analysis, but which indeed is only an assumption of very secondary importance in the
demand driven model of this paper.

It is obvious from this description of the model that it is, on the one hand, already
a very general description of macroeconomic disequilibrium dynamics. On the other
hand, it is still dependent on some simplifications with respect to financial markets??
and the fiscal policy rules. This can be justified at the present stage by observing
that many of its simplifying assumption are indeed typical for macrodynamic models

2L A related determination of the wage-price dynamics by cost-push and demand pressure compo-
nents can be found in Fair (1997); although in Fair wages are not really driven by a demand pressure
component.

220ne coefficient less than unity is in fact already sufficient.

23Gee for example, Franke and Semmler (1999) for the formulation of an advanced financial sector
in a macromodel.
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which attempt to provide a complete description of a closed economy, see in particular
the model of Keynesian dynamics of Sargent (1987, Part I). Also, those incomplete
specifications may not prevent us from successfully calibrating the model.

Lastly we want to remark that we have assumed in the investment function (12)
as expression for the expected rate of inflation the medium-run rate determined in the
wage price module of the model. Therefore we have to use a medium run time horizon
in this investment behavior with respect to nominal interest and real profitability as
well, which we here for reasons of simplicity determine as follows:

11 11
p;n = Z&fp?_i, Zéf =1,
=0 =0

11 11
rt = Z&frt,i, 25{: ,
i=0 =0

m" = m (as before).

Here it is also appropriate to relabel the former variable m,, by 7", to clearly
show where we use here concepts that refer to a medium run horizon. Note that
such an extension of the model introduces further lags into the model that reflect the
adjustment of expectations with respect to a medium-run horizon, of which however
we expect that they do not alter the dynamics of the model significantly.

3 The Dynamics of the Private Sector under Alter-
native Monetary Policy Rules

In this section we first study in the context of our Keynesian dynamics a special case of
the money supply rule (21) of the monetary authority where the nominal rate of interest
is only indirectly influenced through the decision on the change in money supply by
the central bank. We also make some observations on the case of the general money
supply rule. After that we explore the dynamics of the macromodel in the case where
the monetary authority follows the Taylor rule.

In the derivation of the intensive form of the wage-price dynamics, module 7, we
follow Chiarella and Flaschel (2000) and solve the two wage price equations (37), (38)
for the two unknowns w; 1 — 7 — n,, prr1 — m which gives rise to the following explicit
expressions for these two variables:*

W1 —m —ny = [Bu(Vi=V)+ ’iwﬁp(Ut - U)]/[1 - “w“p]a (38)
Prir =m0 = [KpBu(Vi = V) + By(Us = U)]/[1 = Kutiy)., (39)

These equations in turn imply for the dynamics of the share of wages u; = w;/x the
law of motion:

ey = a1 = Prar = na = [(1 = ) Bu (Vi = V) = (1 = £) By (U = U)]/[1 = Kutip]. (40)

24Note that the reduced form equ. (39) defines a Phillips-curve of the traditional across markets
type, but one where also the rate of capacity utilization of firms is present besides the rate of employ-
ment, both in form of deviations from their NAIRU levels.
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This statement, however, is only true when one neglects second order terms for example
in the formula that relates the nominal rates of wage and price inflation with the growth
rate of the real wage. Such second order terms are repeatedly neglected in all following
calculations of the intensive form of the model. The above law (40) provides the first
dynamical equation of this intensive form. Note also, that the formula for p,,; — 7 is
inserted into the following laws of motion of the intensive form of the model in various
places.

Neglecting second order terms we get from the model of the preceding section the
following autonomous six-dimensional dynamic system in the variables share of wages
u; = wy/x, labor intensity in efficiency units [, = th/Kt,l,% real balances per unit of
capital m; = M,;/(p,K;_1), inflationary expectations 7}, sales expectations per unit
of capital yf = Y,°/K;_y and inventories per unit of capital v; = N;_;/K;_, which
describe the laws of motion of the private sector of our economy.?

1 = K[(1 = £Kp)Bu(Ve = V) + (kw = 1)B,(Uy = U)], (41)
i) = (el =& = (7 = ) + iU — )
iy = —i(-), (42)
i1 = p—m—n—k[By(U —U) + kpB8,(Vi — V)] —i(+), (43)
T = 1+ Belw[By(Us — U) + kB (Ve = V)], (44)
Vi = yp By — ) — 0y (45)
Vipr = vty — oyl — (i() + )y (46)

For output per capital y; = Y;/K; ; and aggregate demand per capital y¢ =
Y4/K,;_; we have the following expressions:%’

yo = (L+nna)ys + Bu(Bnayi — ) (47)
yd = (1= su)(wys — 1) + (1 —5)(pf =) +i(-)+n+d+g (48)
= (I=s)y; + (8¢ — sw)uye +i(-) +n+d+ 7~

We make use in addition of the expressions and abbreviations (in the case of a money
supply rule):

Vi = lf/lta Ur = y/y", lf = xL?/Kt—l =Yt

P = Yy — 0 —wy, rip1 =10+ (hye —my)/ho,

ppo= ut = —uwyp, Y = Uy /(L4 0B,y = UyP

e = M=y + By (= pi—1) + Bono (7 — Pra1) + B (U — Up)
11

11 11 11
Pt = Zézpp?fia 255 =1, "= 25:7}—% Zéf =
i=0 i=0 i=0 i=0
We next show that the above dynamics has a uniquely determined steady state
which is locally asymptotically stable under reasonable assumptions on the parameters
Bl =LK, .
%k =1/(1 — Kykp).
My = —(1—s,)tY — (1 —5.)(6 +t°) + g.
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of the dynamics and which loses its stability by way of a Hopf bifurcation if certain
adjustment speeds become large enough.
Proposition 1

There is a unique steady-state solution or point of rest of the dynamics (41)

— (46), fulfilling uy, ly, my # 0, which is given by the following expressions:*®
= Ty, l=yy =14V, y=yl=—"_ 19
Yo v, L=y, b=1/V, y5=yj . (49)
Seye —(y+d+n . .
Uy = ( )7 Po=Yo — 0 — UoYo,s (50)

(Sc - Sw)yo
my = hYo, To=T=[p—n, T9=p5+To, Vo= [Pnays. (51)

We assume that the parameters of the model are such that the steady state values
for u, p, r are all positive.?? Note that this demands in particular that

sw < (Y +n)/(ys = 9)

must hold true as upper limit for the savings rate of workers and that the case s = s, =
s, of a uniform savings rate as in traditional Keynesian textbook stories lies outside
this range (since the wage share would be equal to oo then).

Proof: The proof basically rests on the fact that equ.s (41), (43), set equal to
zero imply, combined with equations (42), (44), two independent linear equations in
the unknowns V; — V, U, — U which therefore are both zero in the steady state. The
remaining steady state conditions are then easily obtained from these two equilibrium
situations by setting the remaining right hand sides of (41) — (46) equal to zero. A

Proposition 2

Assume that the parameters By, Bp, Brm, Bn, ho, 11 are all sufficiently small
and the parameter B, sufficiently large. Then: The steady state of the
dynamics (41) — (46), is locally asymptotically stable.

Sluggish wage price adjustments (including expectations), low interest rate sensi-
tivity of money demand and profitability sensitivity of investment demand, and a small
inventory accelerator coupled with a fast multiplier process thus make the system con-
vergent and thus provide a proper starting point for the investigation of its dynamics.
A very long and detailed statement and proof of this proposition is provided in Képer

Z8Equations (50) show that the so-called Pasinetti paradox does not hold true here, since workers
save in a particular type of financial asset here (savings deposits) and thereby influence the long run
rate of profit in a specific way.

2The steady state values for the financial assets of our model are:

— (Y +1t°) —pum SwlolYo — t* E
g ( ) a D,bw: wiolo abg:bo_bg]:‘h:(pe

b —
° 1 ° [ pK

)0217

but are of no importance here since this part of the model does not yet influence the dynamics of
the private sector, see Chiarella, Flaschel, Groh and Semmler (2000) for models that surpass the
limitations of the present approach.
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(2000) for the case of the continuous time limit of the model of this section, where it is
also shown that loss of such stability always comes about by way of Hopf bifurcations
and thus in particular in a cyclical fashion. Around the parameter value where the Hopf
bifurcation occurs the system loses its local stability in general either by the birth of
an attracting limit cycle after the bifurcation point has been passed (the super critical
case) or the death of a repelling limit cycle when the bifurcation point is approached
from below (the subcritical case). The occurrence of supercritical Hopf bifurcation,
and thus of persistent and attracting limit cycles, is demonstrated numerically for a
simple version of the dynamics in Chiarella and Flaschel (2000, Ch.6). These results
also hold in the case of the Taylor interest rate policy rule, but are more difficult to
obtain in the case of an active money supply rule, since this adds another differential
equation to the model and makes the dynamics a seven dimensional one.

We now come to a discussion of the feedback mechanisms that are at work in the
dynamics (41) — (46). They are composed of the interaction of the Keynes effect, the
Mundell effect, the Metzlerian accelerator effect and the so-called Rose effect, but not
yet Fisher debt effects, Pigou wealth effects, various types of accelerator mechanisms
in the real and the financial part of the economy, see Chiarella, Flaschel, Groh and
Semmler (2000) for a discussion of such further feedback chains. The figure 1 shows
the mechanisms involved in the dynamics of this paper.

Metzlerian Inventory Accelerator [ ]

Adaptive Revision of
Expectations Asset Markets

-* interest ra!esT ?
S > E=a
ulnvestment

X

cunsumptiorf

aggregate deman
Aggregate Expected oaree v
Goods - Sales of U
Demand + Firms prices|| <@l | Depressed
Goods Markets

N

+8 +] |+ 1

Production| 4 '\I’r'ﬁlz:ﬁz?; Wa_ges | @ Depressed
of Firms — Adjustment Labor Markets
The Mundell Effect: The Keynes Effect:
. T Asset Markets -
rising interest rates? .T
N L
iljveslmenl The Multiplier!’ i investmenf The Multplierl
feduables) aggregate demand {rdurables) \ aggregate demarfd
prices |, - Depressed pricesil == ’DEDTGSSed

Goods Market: Goods Market

l Recovery!
wages | Depressed wages 4 ”Depressed
Labor Markets ’ Labor Markets

q\

Figure 1: The feedback chains of the model

The Keynes effect, figure 1 bottom right, is of course well known and it basically
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means that falling wages and prices increase real liquidity which ceteris paribus de-
crease the nominal rate of interest and thus aggregate demand and output of firms
and employment. This counteracts a further fall in wages and prices and thus helps
to stabilize the economy. The same conclusions of course holds for rising wages and
prices. This, however, is the sole stabilizing mechanism in the model, since the Metzle-
rian inventory accelerator mechanism shown in figure 1 top left is only stabilizing when
inventory adjustments are sluggish and — on this bases — the sales expectations mech-
anism sufficiently fast (coupled with a propensity to spend that is smaller than one),
which in fact then provides but a rigorous form of the well known dynamic multiplier
story.

The partial Mundell effect, bottom left in figure 1, is a real rate of interest effect
on the economy (with the nominal rate of interest kept fixed then). Falling wage and
prices and thus deflation increases the real rate of interest and thus reduces aggregate
demand (investment and consumption). The resulting decline in the output and the
employment of firms gives further momentum to the ongoing deflation and thus implies
a deflationary spiral if no other mechanism — such as the Keynes effect — stops this
deflationary tendency. Of course, this destabilizing effect also works in inflationary
environments with increasing demand, output and employment and thus increasing
inflation where expected inflation is changing into the direction of actual inflation.

Finally, though known since long, the Rose (1967) real wage effect is rarely discussed
in the literature. It encompasses four possibilities one of which is shown in figure top
right. Assume again that wages and prices are falling, but that prices are falling faster
than wages. The real wage is therefore rising and is assumed in the figure to depress
investment more than it increases consumption demand. The initial depressed situation
on the markets for goods is therefore deepening and thus leads to further declines in
prices and wages. This again gives rise to a deflationary spiral if the considered process
repeats itself. In the case of consumption demand is increasing more than investment
demand is decreasing we get the opposite conclusion and thus improvements on the
market for goods and for labor that move the economy out of the depression. This is
a normal Rose effect in contrast to the adverse one considered beforehand. Of course
when wages are falling faster than prices we just get the opposite of what has just been
said, and thus a normal Rose effect followed by an adverse one.

In order to evaluate those effects on aggregate demand we need to estimate the
aggregate goods demand function from a reduced form representations of consumption
and investment demand. The functions, to be estimated in the next section, are

ctg = (1—=s)y; + (sc = sw)uy + v = aryy — axugy, + as
i+0 = —(ir/yo)ul” — iy (r] — m") + iU + iy (yS — 0) — iU +n + 6
= —bl’LL;n — bg(?":n — W;n) + bgUt + b4

Estimating the parameters a;,b; of the above two equations will provide us with
just enough equations from which the parameters of the aggregate demand function
can be calculated and inference on the above stability problems can be made.

Through the subsequent estimation we will get the partial derivatives of %, our
aggregate demand function, with respect to sales expectations, the current wage share,
the nominal rate of interest and the expected rate of inflation (both medium run
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values) and finally the level of inventories per unit of capital. We hereby make use of
the relationship

Yo = (1 + nBua)y; + Bu(Buay; — 1)

between output and sales expectations and inventories. The coefficients of the aggre-
gate demand function are related as follows:°

yhe = (1= 5¢) + (Sc — sw)uo(l + nBui + BuBua) + (i2/y?) (1 + 1Bt + BufBai) ~ 0.98
va = (Se— Sw)yo~ 0.53, yim = —iy & —0.16, yi, =iy ~0.16

We thus can guess that the Metzlerian type of quantity adjustment process will be
stable, since aggregate demand increases (less than one), due to an increase in sales
expectations and lead in turn to an increase in sales expectations that is less than the
initial increase. Of course, such a statement is still only an intuitive and partial one
and must be based on an investigation of the Jacobian of the dynamics at the steady
state in order to be proved. Wage share adjustment by contrast is not stabilizing from
such a partial perspective if wages respond stronger to changes in economic activity
than prices, since aggregate demand, and thus sales expectations and output respond
positively to an increase in real wages and the wage share, which due to the dominance
of wage flexibility gives rise to further increases in real wages and the wage share.
Next, increases in the nominal interest rate, with inflationary expectations being given,
decrease aggregate demand, and thus sales expectations and economic activity, which
reduces the pressure on the price level and thus on the nominal rate of interest, which
thus is a stylizing feedback chain, the Keynes-effect in fact. By contrast, increases in
inflationary expectations, with the nominal rate of interest now being given, increase
aggregate demand, sales expectations and economic activity, and thus give rise to
further increases in inflation and expected inflation, an unstable feedback mechanism
we discussed under the name of the Mundell effect.

The question arises which one of these two effects, which both work through the real
rate of interest channel, will be the dominant one in the presently considered situation.
To give a tentative answer to this question we temporarily disregard the use of medium
run moving average in the investment function and assume as real rate expression in
the investment function the short-run version r; — py.1. This gives rise to the formula

hay?

Tt_ﬁt-l-lzro_(l/h?)mt_'_ﬂ-ln—i_( h
2

— K[Bp + KpPBuw])Us + const.

if we disregard the difference between V; and U; as measures of economic activity as
is often done. The stabilizing Keynes effect is thus the dominant one if hy is chosen
sufficiently small, since an increase in economic activity and the price level will then
increase the real rate of interest unambiguously and thus lead to counteracting changes
in economic activity. By contrast, high adjustment speeds for prices (and wages) will
imply that increases in economic activity (as measured by U;) will decrease the real
rate of interest and thus lead to further increases in economic activity. In this case the
destabilizing Mundell effect is the dominant one, in particular if there are expectations
that respond quickly to changes in the inflation rate.

30The subsequent preliminary discussion of the stability properties of our model uses parameters
that are based on estimates as undertaken in section 4.
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Finally we have a negative effect of inventory accumulation on aggregate demand,
sales expectations and output, given by:

yg = _(i2/yp - (Sc - Sw)uo)ﬁn

which can be viewed as potentially destabilizing since a decrease in aggregate demand
piles up inventories which decreases goods demand even further. Note here in addition
that this process becomes the stronger the higher the speed of adjustment of inventories
becomes. Such an increase furthermore can destabilize the quantity adjustment process
considered above in addition since the partial derivative yge becomes larger than one
if the parameter 3, is made sufficiently large.

Yet, for the parameter values of the next section the quantity adjustments are all
stabilizing, while the real wage and real interest rate adjustments are destabilizing. In
sum this gives rise to local instability for the steady state of our model of monetary
growth, here still with a constant rate of growth of the money supply, since the price
adjustment processes dominate the quantity adjustment processes. The question thus
becomes what changes have to made to the model in order to make its steady state
attracting or — if this is not possible — in order to bound the dynamics to economically
meaningful domains when it departs too much from the steady state. Note that de-
creases in wage flexibility are unambiguously stabilizing since they make the adverse
Rose effect less pronounced (or disappear) and since they reduce the destabilizing power
of the Mundell effect. By contrast, decreased price flexibility reduces the destabilizing
potential of the Mundell effect, but makes the adverse Rose effect a stronger one. While
decreasing f3,,, ho, 3, is thus always good for stability in the considered situation, the
same does not hold true for decreases (or increases) in price flexibility [,

Quantity adjustment thus appears to be stable, distributional adjustments unstable,
and the Mundell effect seems to dominate the Keynes effect at the interest rate sensi-
tivity measured in the next section (where we obtain hy = 2.14). The longer the time
horizon in the excess profitability measure in investment the stronger this short-run
destabilizing mechanism becomes. The question, therefore, arises how active monetary
policy — our generalized money supply rule or the Taylor interest rate rule — has to
be to bring stability to an economy which appears to slightly explosive (slightly above
the Hopf bifurcation point) in their cyclical dynamics. We only claim here that anti-
inflationary policy rules, of both types, can indeed stabilize the dynamics of the private
sector and make them convergent. This has been shown by numerical simulations of
the theoretical model in Flaschel, Gong and Semmler (2000), but will be considered in
this paper only from the empirical perspective on the basis of the empirical estimates
in the now following section.

4 Estimation of the Model Parameters

This section discusses how we estimate the structural parameters of the model. These
parameters are also used to simulate the model. We shall first remark that it is techni-
cally impossible, and also not necessary, to estimate all the parameters according to the
reduced intensive form as expressed in (41) - (48). The system includes many expected
variables which are not observable. Although the equations are all expressed in linear
form, the parameters often appear in multiplicative form and hence are nonlinearly
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related. What facilitates our estimation is the fact that we treat the entire system
as being recursive or block recursive. This allows, whenever possible, to estimate the
parameters by a single equation (either in reduced form or in structural form). Only
for those parameters that appear in a simultaneous system, such as in the price-wage
dynamics, we use the standard method, for example two stage least square (2SLS) to
estimate the parameters. We shall remark that such an estimation strategy can also be
found in Christiano and Eichenbaum (1992) who use such a strategy for a large system
with many structural parameters.

We can divide all the estimated structural parameters into the 7 subsets. Table 1
provides the estimates and the standard errors.

19



Table 1: The Estimates of Structural Parameters*)
Bye = 1.2610 B, = 0.0414
(0.1067) (0.0105)

Set 1 | Sales Expectation

B,4 = 0.4691
(0.0203)
Bw = 0.0958 By =0
(0.0285) (0.0000)
B, = 0.4702 B, = 0.6537
Set 2 | Price-Wage Dynamics (0.0520) (0.1753)
kp = 0.3430 K, =0.9081
(0.0834) (0.1387)

Sw =0.0510 s, = 0.6230
(0.0258)  (0.0654)
~v = 0.0829
(0.0145)
i, = 0.1363 iy = 0.0340
(0.0509)  (0.0076)

Set 3 | Consumption Function

Set 4 | Investment Function

€ = 0.1500
(0.0069)
Set 5 Money Demand Function hi =0.1769 hy = 2.1400
(money supply rule only) (0.0028) (0.1771)
B,, =0.0463 B,, = 0.0781
(0.0315) (0.0327)
Set 6 Reaction Functions of Bry = 0.0148 B, = 0.5524
Monetary Authority (0.0056) (0.0814)
By = 0.0499 B, = 0.0481
(0.0938) (0.0168)

ro = 0.0221 y, = 0.5091
(0.0089) (0.0167)
7=00074 7 =0.0154
(0.0119) (0.0095)

U =08231 V =0.9403
(0.0468) (0.0164)

5 =0.0486 n; = 0.0049
(0.0034) (0.0029)

ng = 0.0032 n = 0.0081
(0.0081) (0.0079)

Set 7 | Other Parameters

*)Standard errors are in the parenthesis

Before we elaborate on how we have estimated these parameters we shall first
remark that in equ. (36) we have set 3, to zero in our estimation of the price-wage
dynamics. The estimated (3, is close to zero and not significant according to the
estimation procedure described below.' Given this result, we can expect that the
standard demand-supply forces in determining prices and wages do not appear to be
empirically significant, at least according to U. S. time series data. The estimation
appear to support the markup theory of pricing.

Next we explain how we have obtained those estimates as expressed in Table 1. We
start from below. The parameters in Set (7) are those parameters that can be either

3In Fair (1997) also the coefficient 3, (see our equ. (35)) is insignificant so that he has neglected
the impact of unemployment on wages in his regression
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expressed in terms of an average, or are defined in a single structural equation with a
single parameter. This allows us to apply moments estimation by matching the first
moments of the model and the related data. The parameters in Set (6) are estimated
by applying OLS directly to (21) and (23).
To estimate the parameters in Set (5), we use equ. (25) divided by pik; 1. Then we
obtain from this
Tip1 — To = Q1Y + asmy (52)

where rq is given in Set 6. The OLS regression on (52), gives us the estimated pa-

rameters a; and ay. By setting a; = h—;and ay = ;—21, we then obtain the estimated h;

and hy. Since the structural paramet}érs hy and hy appear multiplicatively in a; and
as, we are not able to obtain the standard deviations directly from the OLS regres-
sion. We therefore treat these estimates of h; and h, as being nonlinear least square
(NLS) estimates and use the method as discussed in Judge et al. (1988:508-510) to
derive their standard deviations. We use the Gauss procedure GRADP to calculate
the derivative matrix that is necessary to derive the variance-covariance matrix of the
estimated parameters. We shall remark that the same principle is also applied to other
similar cases whenever parameters appear in multiplicative form or NLS is applied.
The remaining parameters are more complicated to estimate. For their estimations
we need, either directly or indirectly, the expectation variables that are not observables.
Let’s first discuss how we estimate the parameters related to sales expectation, i.e.,
Set (1). We estimate this parameter set based on the consideration that actual and
predicted y; can be matched as close as possible via equation (47). This gives

Yyr = biy; + bavy (53)

Here we should regard the time series y; as being a function of 3, via the adaptive
rule (45)32, given the initial condition y$, which we set here to be yy. We therefore can
construct an objective function f(/f,e) :

f(Bye) = ey(ﬁye)ley(ﬁye) (54)

where e, (/) is the error vector of OLS regression on (53) at the given f,. and hence
the series yy. Minimizing f(/,c) by applying an optimization algorithm, we obtain the
estimate of ;.. Given the estimate of 8, and hence the series y; the OLS is applied
to (53). This gives us the estimates of b; and by. By setting by = 1+ (n + 3,) 5,2 and
by = —fBnfBye with n given in Set (7), one then obtains the estimates of 3, and [(,a.
Apparently, all these estimates can be regarded as a NLS, and therefore the standard
deviation can be derived in a similiar way as discussed in Judge et al. (1988: 508-510).

Next, we discuss how we estimate parameter set (2). Given the time series m;, the
structural parameters f3,, B, s, kpand k,, can be estimated by the method of two stage
least square (2SLS). The first stage is the OLS regression of the following reduced form
(derived from 38 and 39):

@t-i—l — Ty = wl(‘/} - V) + UJQ(Ut - U) + W3aNg t+1 (55)

Py —m =1 (Vi = V) +p (U = U) (56)

32with i(") set to 0
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This will yield instrument variables for @w;,; and Py, in the right side of the following
structural equations to which our second stage of OLS regression will be applied:

W1 — T = P (Vi = V) + b (Dip1 — ™) + Bang g (57)

Pry1 — T = Bp(Up — U) + Kp(Wes1 — T — Baliggtr) (58)
However, these estimations are based on the assumption of given time series m;, whose
dynamics is governed by the adaptive rule (37). We therefore shall first, as in the case
of yf, estimate [, to obtain 7;. The difference is now that we have to match both
W1 and Pyyq and thus a set of weighting coefficients is needed. Since both w;,,and
Drr1 are measured in terms of growth rates, it is reasonable to assume an equal weight
in matching w;y; and pyq. This consideration allows us to construct the objective
function:

180 = [ese esr ]| 59

where e, and e, are the error vectors of @;,,; and p;y; with respect to the 2SLS
estimation for (55) - (56) and (57)-(58) respectively. An optimization algorithm is
then applied to minimize f(f,) to obtain the NLS estimate of (3,

Once By and B, are estimated we can construct the time series y; and 7;. This not
only allows us to estimate the parameters in the equations for sales expectations and
the price-wage dynamics but this is also necessary to estimate the parameters in the
consumption and investment functions. To estimate the consumption function we use
an OLS regression for

¢t + g1 = co + 1Y) + couye (60)

The structural parameters are obtained by setting co = v, ¢y = 1 — s, €3 = 5. — Sy.
The OLS regression equation for the investment function takes the form:

iv — (n+06) =i;(p]" =& — (" —m")) +i2 (U = U) (61)

For the above, n,d and U are given in Set 7. £ is estimated by the method of moments,
i.e., setting the mean of p}* — & — (r}]" — «]") to 0.

Given the parameter estimates of our model, reported in Table 1 we can evaluate
the performance of our macroeconometric models for the above stated monetary policy
rules.

5 Evaluating the Macroeconometric Model and the
Monetary Policy Rules

Employing our estimated parameters, we report in figures 2-3 the actual and predicted
macroeconomic time series generated from some key behavioral functions. ** One can
observe that most macroeconomic variables are well predicted.

33Note that in this exercise the fitted line is obtained by simulating not the entire system of equa-
tions, but the corresponding behavioral functions using the estimated parameters.
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Figure 3: Observed and predicted variables

The fit, however, is less successful for investment. It is even less successful for the
interest rate derived from the money demand function. This will create a difficulty for
the exercise to simulate the impact of the money supply rule, which shall be discussed
below. However, we shall remark that the parameters that we estimate here for the
money demand function are statistically significant. This indicates that the explana-
tory variables, y; and m;, do have some power to explain the interest rate r;.;. Yet,
admittedly there may be a better explanation for it (which may take, for example, a
nonlinear form). The same argument may also be applied to the investment function.

Yet, whereas the fit for the interest rate derived from the money demand function
does not replicate the variation in the interest rate but solely the trend of the interest
rate the estimated investment function at least partially captures the variation in in-
vestment. Given that empirical estimates notoriously fail to properly capture money
demand and investment functions we may view our estimates for those two functions
still a relative success given our limited aim to study the effects of monetary policy
rules in a simple model.

If we simulate our macroeconometric model with the estimated parameters as re-
ported in Table 1 for both, assuming that either the actual interest rate is determined
by the money supply rule or the Taylor rule, we obtain figures 4 and 5.
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Figure 4: Simulation of the model with money supply rule (unstable case

25



Taylor Rule: Explosive Case Taylor Rule: Explosive Case

0.9408
L
0.00744

0.9404
L
0.00736

Inflation

0.9400
L
0.00728

0.9396
0.00720

0.8226 0.8228 0.8230 0.8232 0.8234 0.8236 0.8238 0.0592 0.0594 0.0586  0.0598 0.0600  0.0602  0.0604

U Unemployment
Taoylor Rule: Explosive Case Taylor Rule: Explosive Case

0.00744

0.00736

pia_m
0.41725 041735 0.41745 041755 041765

0.00728

0.00720

00 02 0.4 0.6 0.8 1.0 1.2 1.4 1.6 00 02 0.4 0.6 0.8 1.0 1.2 1.4 1.6
time x 10* time x 10%

Figure 5: Simulation of the model with Taylor rule (unstable case)

For both policy feedback rules the macroeconomic variables exhibit a slight insta-
bility altough the instability occurs less for the Taylor rule, compare figures 3 and 4.
When we, however, (strongly) increase the reactions of the money supply rule and the
interest rate reaction to the output gap and inflation gap in the Taylor rule both rules
lead to convergence results (although cyclically fluctuating).

The convergence results are depicted for the money supply rule in figure 6 and for
the Taylor rule in figure 7.
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Figure 6: Simulation of the model with money supply rule (stable case)
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Figure 7: Simulation of the model with Taylor rule (stable case)

The possible instability generated by monetary policy rules have much been the
topic of recent studies on monetary policy, see the various contributions in Taylor
(1999). Christiano and Gust (1999), for example, show, although in an optimizing
framework that if the Taylor rule puts to much emphasis on the output gap indeter-
minacy and instability of macroeconomic variables may be generated. Instability also
occurs under their version of the money supply rule. Yet, in their formulation of the
money supply rule they use an AR(2) process to stylize a money supply process - there
is no feedback of the money supply to other economic variables such as, for example,
in our case to the inflation and output gaps. We also have, for reason of comparison,
employed such an AR(2) process for the money supply and indeed obtained too com-
pletely unstable paths of the macro variables. This complete instability can only be
overcome by feedback rules as we have formulated for our money supply and Taylor
rules.

Finally we want to study whether our model exhibits typical impulse-response func-
tions well known from many recent macroeconomic studies, see for example Christiano,
Eichenbaum and Evans (1994), and Christiano and Gust (1999). In those studies macro
variables respond to liquidity shocks as follows. In the short run with liquidity increas-
ing the interest rate falls, capacity utilization and output rises, employment rises and,
due to sluggish price responses, prices slowly rise with a delay. Very similar responses
can be seen in the context of our model variants for both money supply shocks, figure
8 and direct interest rate shocks (through the Taylor rule), figure 9.

28



J— e
. et
i v
g
S -

Figure 8: Impulse responses for money supply rule

29



-oceces _oacees

marest rate comsumption

Figure 9: Impulse-responses for Taylor-rule

Note that we have shown the trajectories in deviation form from the steady state.
For the money supply rule, figure 8, we have assumed that first there is an out of steady
state increase in the growth of money supply. This gives rise to an interest rate fall,
rise of employment, utilization of capacity, investment, consumption and, with a delay,
a rise in the inflation rate. Finally in the long run all variables, although cyclically,
move back to their steady state levels. Similar results can be observed in figure 9 for
the Taylor rule except there we displace the interest rate through a shock from its
steady state value. The interest rate is decreased but it moves back in the direction of
its steady state value. The other variables also respond as one would expect from VAR
studies of macroeconomic variables. With the fall of the interest rate there is a rise
in capacity utilization, output, employment, investment and consumption and, again
with a delay, a rise in the inflation rate. The latter can be observed from the fact that
the inflation rate peaks later than the utilization of capacity, output and employment.
Overall, our model is roughly able to replicate well known stylized facts obtained from
VAR studies of macroeconomic variables.

6 Conclusions

In the paper we have chosen a Keynesian based macro econometric framework for
studying macro dynamics and monetary policy. In our framework disequilibrium is
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allowed in the product and labor markets whereas the financial markets are always
cleared. There are sluggish price and quantity adjustments and expectations formation
represents a combination of adaptive and forward looking behavior. We consider two
monetary policy rules. These policy rules are (1) the money supply rule and (2) the
interest rate targeting by the monetary authority. We demonstrate the implication of
those policy rules for a monetary macro model of Keynesian type, and study how the
private sector behaves under those alternative policy rules. We estimate the parameters
of the model employing U.S. macroeconomic time series data from 1960.1-1995.1.

Based on the estimation of the parameters, obtained partly from subsystems partly
from single equations, we study, using simulations, the dynamic properties for economies
which employ either the money supply or the Taylor rule. As we could show with re-
spect to volatility of the macroeconomic variables the model with the Taylor rule seems
to perform better in the sense that it gives rise to a faster convergence of macroeco-
nomic variables. The impulse-response functions for our two model variants show
roughly the same features as empirical impulse-response functions based on VAR stud-
ies show. This shows that our disequilibrium model can compete with currently widely
used equilibrium macro models.

Of course, more empirical work needs to be done in order to confirm or evaluate
the findings of this paper. Yet, AS-AD disequilibrium models that include a treatment
of income distribution, the role for aggregate demand and economic growth, have not
yet been discussed in the theoretical and applied literature to a sufficient degree and
thus deserve more attention than they have received so far.

7 References

BERNANKE, B. AND A. BLINDER (1992), "The federal funds rate and the channels
of monetary transmission”, American Economic Review, 82, 901-21.

BERNANKE, B. AND Minov, I. (1998), ”What does the Bundesbank target?”,
FEuropean Economic Review, Vol. 42, No. 7

CHIARELLA, C. AND P. FLASCHEL (1996), ”An integrative approach to 2D-
macromodels of growth, price and inventory dynamics”, Chaos, Solitons and Fractals,
7, 2105 — 2133

CHIARELLA, C. AND P. FLASCHEL(2000), ” The Dynamics of Keynesian Monetary
Growth. Macrofoundations”, forthcoming, Cambridge University Press.

CHIARELLA, C., P. FLASCHEL, G. GROH AND W. SEMMLER (2000), ” Disequi-
librium, Growth and Labor Market Dynamics”, Heidelberg and New York, Springer
Publishing House.

CHRISTIANO, L. AND C. GuUsT (1999), "Taylor rules in a limited participation
model”, NBER working paper, no. 7017

CHRISTIANO, L. AND EICHENBAUM (1992), ”Current real business cycle theory
and aggregate labor market fluctuations” American Economic Review, 82: 430-50

CHRISTIANO, L., M. EICHENBAUM AND C. EVANS (1994), " The Effects of Mon-
etary Policy Schocks: Evidence from the flow of funds”, working paper 94-2, Federal
Reserve Bank of Chicago

CLARIDA, R. and M. GERTLER (1995), ”How the Bundesbank conducts monetary
policy”, manuscript, New York University

31



CLARIDA, R., J. GALI AND M. GERTLER (1997), ”Monetary policy rules and
macroeconomic stability: Evidence and some theory”, manuscript, New York Univer-
sity

CLARIDA, R., J. GALl AND M. GERTLER (1998), "Monetary policy rules in
practice, some international evidence”, Furopean Economic Review 42: 1033-1067

FAIR, R. (1984), ”Specification, estimation and analysis of macroeconometric mod-
els”, Cambridge, Harvard University Press.

FAIR, R. (1997), " Testing the NATRU model for the United States”, mimeo, Dept.
of Economics, Yale University.

FrascHiL, P., G. GoNG AND W. SEMMLER (2000), ” A Keynesian based econo-
metric framework for studying monetary policy rules”, working paper, University of
Bielefeld.

FLASCHEL, P., R. FRANKE and W. SEMMLER (1997), ” Dynamic macroeconomics,
instability, fluctuations and growth in a monetary economies”, Cambridge, MIT-
Press.

FRANKE. R. (1996), ”A Metzlerian model of inventory growth cycles”, Structural
Change and Economic Dynamics, 7, 243-262

FRANKE, R. and T. Lux (1993), ” Adaptive expectations and perfect foresight
in a nonlinear Metzler model of the inventory cycle”, The Scandinavian Journal of
Economics 95, 355-363.

FRANKE, R.and W. SEMMLER (1999), ”"Bond rate, loan rate and Tobin’s q in a
temporary equilibrium model of the financial market”, Metroeconomica, vol. 50, no.
3:8351-371.

FUHRER, J. and G. MOORE (1995), "Monetary policy trade-offs and the corre-
lation between nominal interest rates and real output”, American Economic Review,
85(1):219-239.

GroTH, C. (1988), "IS-LM dynamics and the hypothesis of combined adaptive-
forwardlooking expectations”, in: P. Flaschel and M. Kriger, eds., Recent Approaches
to Economic Dynamics, Verlag Peter Lang, 251-265.

JUupcGE, G., R. HiLL, W. GrirrITHS, H. LUTKEPOHL AND T.-C. LEE (1998),
"Introduction to the Theory and Practice of Econometrics”, New York, John Wiley

KALDOR, N.(1966), ”Marginal productivity and macroeconomic theories of distri-
bution”, Review of Economic Studies, XI, 143-56.

KOPER, (2000), ”Stability analysis of an extended KMG growth dynamics”, Biele-
feld University, mimeo.

MALINvVAUD, E. (1980), ”Profitability and Unemployment”, Cambridge University
Press.

ORPHANIDES, A. and R. M. SorLow (1990), ”"Money, inflation and growth”, in:
F. Hahn, ed., Handbook of Monetary Economics, North Holland, 223-298.

RosE, H. (1967), ”On the non-linear theory of the employment cycle”, Review of
Economic Studies, 153-173.

ROTEMBERG, J. AND M. WOODFORD (1997), ” An optimization based framework
of the evaluation of monetary policy”, in: B.S. Bernanke and J. Rotemberg (eds.):
NBER Macroeconomics Annuals 1997, MIT Press, 297-346.

ROTEMBERG, J. AND M. WOODFORD (1999),” Interest rate rules in an estimated
sticky price model”, in J. Taylor (ed.), Monetary Policy Rules, Chicago, University of
Chicago Press.

32



SARGENT, T. (1987), "Macroeconomic Theory”, Academic Press, 2nd edition.
Sivs, C. (1997), ”Vector autoregression models of economic time series”, in: J.
Taylor and M. Woodford, Handbook of Macroeconomics forthcoming, Elsevier Pub-

lisher, New York, 1999

SVENSSON, L.E.O. (1997), "Inflation forecast targeting: implementation and mon-
etaring inflation targets”, FEuropean Economic Review, 41, 1111-146

TAYLOR, J. (1993), " Discretion versus policy in practice”, Carnegie-Rochester Con-
ference Series on Public Policy 39:195-214.

TAYLOR, J. (1999), Monetary Policy Rules, Chicago, University of Chicago Press.

8 Appendices

8.1 Appendix 1: Notations

The model of this paper is based on the following basically standard macroeconomic notation:

A. Statically or dynamically endogenous variables:

Yi
Yid
ne
Ny
Nt
ve
L{
Ct
I
Iy
I

Output

Aggregate demand Cy + I; + 0K 1 + G4

Expected aggregate demand (from ¢ — 1 to t)

Stock of inventories

Desired stock of inventories

Desired inventory investment

Level of employment

Consumption

Fixed business investment

Planned total investment I; + 7;

Actual total investment = I; + Ny — N;_; total investment)
Nominal rate of interest (from ¢ — 1 to ¢, price of bonds p, = 1)
Price of Equities

Private savings

Savings of firms (= Y}, the income of firms)
Government savings

Total savings

Real taxes (w: of workers, c: of asset holders)
Government expenditure

Rate of profit (Expected rate of profit)

Rate of employment

Potential output

Sales expectations error

Rate of capacity utilization

Capital stock used for production in ¢

Nominal wages

Price level

Expected rate of inflation for [t — 1,¢]  (average over the medium-run)
Medium-run Average of Rate of profit

Medium-run Average of Rate of Interest

The p* concept of the FED

Normal labor supply

Money supply (index d: demand)

Bonds (index d: demand, w: workers, c: asset owners)
Equities (index d: demand)

Real Wealth
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Real wage (us = u;/z; the wage share)
Inventory-capital ratio

1. NAIRU-type normal utilization rate concept (of labor)

2. NAIRU-type normal utilization rate concept (of capital)
Depreciation rate

Growth rate of the money supply

Natural growth rate (labor supply growth plus productivity growth)
Investment parameters

Money demand parameters

Wage adjustment parameter

Price adjustment parameter

Inflationary expectations adjustment parameter

Parameters of Interest Rate Policy (the Taylor Rule, i = 1,2,3)
Target Inflation Rate of the FED

Desired Inventory output ratio

Inventory adjustment parameter

Demand expectations adjustment parameter

Kw,p € [0,1], kwkp # 1 Weights for short— and medium-run inflation

Wt

vy = Nt/Kt—l
. Parameters

Ve (0,1)

U e (0,1)

1)

I

n=n;+ng

i172 >0

h172 >0

Puw >0

Bp >0

Br >0

Bri >0

T

Bpa >0

B >0

Bye >0

K

y? >0

z=x; >0

tv, t¢

g

Sc € [07 1]

Sw € [0,1]

d}s

Y

s . Rt —RFt—1
L= T
A

Ty, etc.

y = Y,/ Ky, ete.
my = Mt/(pth—l)

= (1~ wwhp) ™"

Potential output—capital ratio (# y, the actual ratio)
Output-labor ratio (n, its rate of growth)

Wage and property income taxes net of interest per unit of capital
Government expenditures unit of capital

Savings—ratio (out of profits and interest)

Savings—ratio

Weights in adaptively formed expectations

constant in aggregate demand per unit of capital

. Mathematical notation

Growth rate of z for the interval [t — 1,¢]
Difference Operator (0E; = E; — Ey_1)
Steady state values

Real variables in intensive form

Nominal variables in intensive form
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