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Abstract

The new Keynesian monetary policy model studiesrésponse of the inflation —
output gap trade-off to policy decisions taken iy Central Bank, concerning the nominal
interest rate time trajectory. Under an optimalupetthis model displays a saddle-path
stable equilibrium and, if the stable trajectoryddowed, the steady state is characterized
by an inflation rate that coincides with the sadecinflation target. A high inflation target
has positive effects over the rise of effectivepotitrelatively to its potential level (the
monetary policy problem captures this effect), iblias a perverse impact over investment
decisions (the referred problem does not captui dffect, taking it as granted). This
second relation can be understood by associatirtigetdirst macro model a second setup,
which takes consumption and investment decisioas,by considering a long term growth
setup. The link between the two is present on thpact of inflation over investment
decisions. With this integrated framework one isea simultaneously study short and
long-run macroeconomic phenomena and to jointlyyaeathe behaviour of hominal and
real aggregates. The most important results cowsisthe determination of an optimal
inflation target and on the consideration of shierin supply shocks as having a long-run
impact producing business cycles.
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1. Introduction

One of the most striking advances in macroecondheory along the past few
years is the change of paradigm in the analysmarietary policy. The new Keynesian
model developed by Clarida, Gali and Gertler (19%Yensson (1999), Woodford
(1999, 2003), Gali (2002) and Svensson and Woodf@ed3), among many others,
became a central tool for the understanding of Bbart-run economic conditions are
determined by the intervention of the monetary aritjr

By controlling the nominal interest rate, the CahBank has an important word
to say about the trade-off between inflation andl abilization of the economic
system. It is known since the work of Kydland amédeott (1977) that the dynamic
inconsistency problem implies that no long-run ¢radf exists and, thus, increasing the
money supply (through a lower reference interesf) i@ order to push output above its
potential level has as only effect in the long-riging inflation. As a consequence, it is
today widely accepted that commitment to the poljoal of maintaining a low and
stable rate of inflation should be the main, if nbe only, concern of monetary
authorities.

The new monetary policy paradigm has clearly Keiaredeatures: nominal
aggregates (prices and wages) produce relevamt®ffereal economic activity (output
and employment). In particular, it is importantuoderstand that prices and wages are
not adjusted continuously; they remain fixed fanare or less long period of time, that
is, nominal variables tend to be sticky or sluggtshadjust, and when they are
reconsidered they are set on the basis of expestasibout future conditions of demand
and supply, i.e., in a forward-looking way. Thisnky expectations play a fundamental
role in the new monetary policy setup.

This monetary policy framework has received sevemabdifications and
improvements in its structure. The original framekvoonsiders a quadratic objective
function and a linear Phillips curve. Various authdike Cukierman (2000), Ruge-
Murcia (2002, 2004), Nobay and Peel (2003), Dol&kjrero and Ruge-Murcia (2004)
and Surico (2004), claim that a symmetric objectfuaction does not represent
properly the true policy problem, while other authpoint batteries to the shape of the
Phillips curve; Clark, Laxton and Rose (1996), Dieband Laxton (1997), Schalling
(1999), Tambakis (1999) and Akerlof, Dickens andy€001), among others, present
evidence and argue against a linear relation betwee inflation rate and the output

gap, in the short-run. Also, the forward-lookingpegtations hypothesis has been
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relaxed, as it is the case in Jensen (2005). DeHpd extensive literature that modifies
the original setup, it is with this that we will woin order to present a unified
macroeconomic framework.

The Keynesian character of monetary policy analgsiides with the long run
view proposed by growth models since Solow (1956)the endogenous growth
approach of Lucas (1988) — Romer (1990). Growth efeodescribe long term trends of
growth in frictionless economies; the most widelyscdssed growth analytical
structures resort to general equilibrium setupsere/ithe absolute level of prices is
irrelevant for the allocation of resources. Sudocation will be dependent only on
relative price changes.

It is the goal of this paper to unify the two imsstations of the macroeconomic
reality, since they can be thought in a complenrgntay: the first, the monetary policy
approach, focus on the short-run and studies tpadtof money and interest rates over
the relation between prices and output; the sedwsljs main attention concentrated in
the long run outcome of decisions through time m&igg consumption, savings and
investment.

The necessary link to unify the two theoretical dienark models (the new
Keynesian monetary model and a conventional grawtidel of the neoclassical or
endogenous growth type) resides in the observdtiangeneral price level instability
can cause severe distortions in real economic idesisnamely the ones concerning
investment, and thus it has fundamental conseqeene® the long run growth capacity
of the economy.

In the framework that will be proposed along th&treections, inflation is seen as
a source of inefficiency relating investment demmsi [the same applies for deflation,
since the impact of this is taken simply as symioetrthe one created by inflation; see
Gali, Gerlach, Rotemberg, Uhlig and Woodford (2088put the also perverse effects
of deflation]. Generated income can be used asucopon and investment; the second
component will correspond to a potential level aWvastment that will be fully
concretized only in the circumstance of zero imfkat The more inflation departs from
zero, the lower will be the share of investment thaffectively undertaken by private
agents.

The introduction of the previously explained link a standard growth model
allows for a joint discussion of nominal and reaameconomic events. We associate
the monetary policy model to, both, neoclassical amdogenous growth frameworks to

derive some interesting results:
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(i) Considering disturbance terms in the monetarycpgroblem, as it is usual,
these will end up to be present in the long ruradtestate results on growth.
Particularly, output and consumption will be subjéz supply side shocks, which
allows for discussing business cycles under thetréramework.

This can be a possible answer to conciliate the mwenstream views on the
cycles literature. On one side, we have the Redirggss Cycles (RBC) theory,
developed by Kydland and Prescott (1982), LongRlndser (1983), King, Plosser and
Rebelo (1988), and Christiano and Eichenbaum (19883 that continues to be
discussed and upgraded e.g. by King and Rebel®]198nes, Manuelli and Siu (2000)
and Rebelo (2005); on the other side, we encoutierKeynesian perspective, of
Phelps (1970) and Lucas (1972), that relies onathedysis of market imperfections,
nominal sluggish adjustment, incomplete contractal astrategic interaction of
boundedly rational agents.

With our model, we take some of the RBC framewdte (Walrasian growth
model) and add some of the Keynesian perspectiyglg shocks that are introduced in
the growth analysis because price stickiness im@lishort-run Phillips curve relation).
Outside the analysis we leave problems concerriagunctioning of markets and the
central piece of the RBC discussion: the labowsdle trade-off. Therefore, business
cycles arise in the simple one equation consumptaapital accumulation benchmark
growth problem, when this is adjusted in orderrolude the penalty of an unstable
price level over investment aggregate levels.

(i) It is possible to present a rational explanatmwhy the inflation target should
not be set to zero, even though zero inflatiorhes @ane that allows for a full use of
investment resources. Fundamentally, two contradiceffects are present. Inflation
reduces effective investment, but it also has bwetgun ability of helping to stimulate
output above its potential level;

(iif) In the dynamic analysis to undertake, saddle-g#dbility will be the most
common obtained result, what implies that staldgettories among variables can be
derived. These trajectories allow to establish irtgpu relations between the growth
model variables (output, consumption and physiegital stock) and the variables in
the monetary policy problem (inflation and outpapy

The remainder of the paper is organized as folldBextions 2 and 3 present,
respectively, the monetary policy framework andghawth setup with a real impact of
inflation. Section 4 studies the integrated modetar a neoclassical perspective.

Section 5 considers a production function with ¢ans returns and, thus, gives an
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endogenous growth interpretation of the proposedroegonomic model. Section 6 is

destined to a few final remarks.
2. TheMonetary Policy Problem

Short-run macroeconomic analysis can be condutredigh the consideration of
the Central Bank monetary policy problem. We déscithis problem as an optimal
control setup in which the monetary authority comsimon an initial momertt=0, with
a time path for the nominal interest ratejn order to maximize the value of function
Vo,

V, = —% Eo{iﬁ‘ factx, -x)? + (7 —ﬂ*)z]} (1)

Parametef<1 is an intertemporal discount factor aaxD refers to the weight put
in a real stabilization goal relatively to the pristability objective. The state variables

of the problem are the output gap,and the inflation ratesz, . This second variable is

simply the percentage change of the price leveléen two consecutive time periods,

while x, =Iny, —Iny,. Variable y, is the effective level of output andrepresents the

potential level of output, the level of output thabduld be observable if hypothetically
wages and prices were completely flexible. Thug, ditput gap is defined as the
difference between the logs of effectively obserkesal level of income and the level of
income of a frictionless Walrasian economy. We agrsa constant labour force, so
that every real variable, like output, is preseraeda per capita variable. Paramesers
and 77 correspond to policy choices in the sense that tieresent the output gap target
and the inflation rate target selected by the GérBank in order to achieve some
meaningful economic goals.

Two rules concerning the evolution of state vaeabtonstrain the monetary
policy objective. On the demand side, a dynamied8ation relates the output gap to

the real expected interest rate,

X =-¢UWi, ~Em.,)+tEX.,+0,, Xgiven. (2)
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Parameterg>0 is an interest rate elasticitifx.1 and E;7z.1 represent private
sector expectations regarding next period outpyt gad inflation rate, andy
corresponds to a demand stochastic component. blarigg is defined as an
autoregressive Markov process, = 19, +§,,0s <14, ~iid (0,07) .

On the supply side, the aggregate supply equasi@ssumed as a new Keynesian
Phillips curve. This relates present inflation ke toutput gap and to the next period

inflation expectations,
7T, = A + BUE T, +U,, 75 given. 3)

Parameteri(J(0,1) defines the degree of price flexibility /céiness, that is, it is
an inflation—output elasticity. The higher the alof this parameter the lower will be
the degree of price stickiness or rigidity. Vargll relates to a supply stochastic
component, that is, it reflects possible cost psisbcks. As in the demand case, an

autoregressive process is assumed: pu,_, +0,,0< p< 1,0, ~iid (0,07).
The main properties of optimal control problem Elbject to (2) and (3) are

known from the literature. The computation of firstder conditions allows for

obtaining the second equation in system (4),

1 A 1
wetm Aol
N A o
I O T I S
X (1+aﬁ]5a aﬂtﬁn; B -u,)

The first equation in (4) is just the Phillips carg3) rewritten (hereafter we
neglect the expectations operators by considerertpgt foresight); the second relates
the next period output gap to the contemporanealges of the output gap and
inflation rate, when the time path of the interestie variable is chosen in order to
optimize the monetary authority behaviour. An intpat evidence concerning system
(4) is that the time movement of the output gap ahthe inflation rate are not in any
way determined by demand shocks. The only sourcestethasticity is the one
associated with the supply side variableSince later we will associate the monetary

policy problem with a growth framework, we will ata that this disturbance term will
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affect output, capital and consumption time trajaes and, therefore, supply side
shocks will be the main (in the case, the onlyedatnant of business cycles.
System (4) is linear with respect to the endogen@uibles, and thus local and

global dynamic properties coincide. These are ggited through proposition 1.

Proposition 1. System (4), which characterizes the short-run retabetween the
economy’s real and nominal aggregates under annmgdtimonetary policy, has a
unique steady state point, and the underlying dyosrare characterized by saddle-

path stability. The steady state iG_T,Y):(lT*,#DT*—%mj and the stable

trajectory takes the formx, —X =

1-p¢ _ . .
fl {7z, =), whereg& is a positive constant

value lower than 1.

Proof: We define the steady state as a collection ggdtaries ¢7,X,U ), such that
7= 7T1, X%=Xt+1 andu=uw1. With respect to the disturbance variable, thisias time
invariant in the steady state; according to thendedn of the dynamics ofy, we

a
observe thata = —

, What means that after the convergence proces$isetsteady

state is fulfilled,u; becomes a stochastic stationary process withnalatd deviation of
o, and a zero mean. The other conditions that defimee steady state allow for
computing the values ofi and X by solving (4) under such conditions. Therefohe, t
long term equilibrium point is a unique fixed point

To investigate what kind of stability is associated4), we need to present the
system in matrix form,

1 A

n.-m|_| g B |lm-7

[xm—i} A LA EEXI—TJ
ap ap

The Jacobian matrix in the above expression, whiehdesignate by, obeys to

the following conditions,
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1- Det(J) = —1:3[; <0;

2

1-Tr(J) + Det(J) = _2’_,3 <0;

1+Tr(J) + Det(J) = 291+—’8+/]—2 >0.
B aB

These conditions imply that the system is saddtb-gtable, that is, one of the
eigenvalues ofl is located inside the unit circle, while the otlel value outside the

unit circle. More specifically, these eigenvalues @ <1 and&>1,

£,&,

_at@+p)+F _ [amuep ) 1
Y 2af8 B

From the Jacobian matrix, one withdraws an eigeilovexssociated t@;, which

is, p= [1 zﬁ} . The second element pfis the slope of the stable trajectory; this

trajectory passes through the steady state pouht thns, the stable trajectory can be

written as in the propositiol

In what concerns the steady state result, notettieabptimization process implies
that the long term inflation rate will corresporxhetly to the selected target. The time
trajectory of the nominal interest rate is desigimet:0 by the Central Bank in order to
accomplish a steady state interest rate that gtessran inflation rate that remains on
its target. Relatively to the steady state out@yt, ghis will not assume a constant value
because it will be dependent on the supply distaba Therefore, even though
monetary policy can give place to nominal long tability, fluctuations will be
observable in real aggregates.

The concern of the monetary authorities will notus solely on the long-run
outcome, but also on the stability properties #ilmw for achieving the long-run result.
In particular, the Central Bank should choose atiaininterest rate valueio, that
automatically puts the system over the only patt uarantees stability: the saddle-
path. Once over the saddle-path, both state vagahill converge to the unique steady

state. Given the constraints that the parametelseyaobey to, one observes that
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convergence to the steady state following the st#ialjectory implies that the output
gap rises with an increase in the value of thaiith rate and that the output gap falls

for m, > 77, that is, when the inflation rate diminishes aadifusts to the target value.

Replacing the stable trajectory in the Phillipsveyrwe may concentrate the
dynamic analysis of the monetary policy problemairsingle equation regarding the

evolution of inflation through time,
_ . 1 _
T, =A-&)07 +&m _ﬁqut -0) (5)

The trajectory ok can then be withdrawn from the stable path refatiogures 1
and 2 display the time paths af andx, respectively, for some reasonable values of
parameters. The most striking feature in theserdigiis that the inflation rate tends to a
constant long term value (the impact of the disdade term disappears), while for the

output gap the volatility component is forever s

*** Figures 1 and 2 here ***

3. The Growth Modd, Inflation and Investment Decisions

The above monetary policy problem reflects the tshor dynamics of an
economy. Nominal and real variables interact thhoaggregate demand and aggregate
supply equations, and monetary authorities comntit an interest rate trajectory that is
optimal, given the goals of maintaining the outgap and the inflation rate close to the
chosen targets. Independently of the weight puthenoutput concern, the equilibrium
level of inflation corresponds to the target.

Nevertheless, the model is silent about the lomgeonsequences of monetary
policy, that is, consequences over the growth tréinthe monetary problem was the
only important piece of economic reality, one wobkl compelled to ask why bother
with a low inflation target if the economy’s mailoncern is associated to increased
output and, in the long run, as regarded, thissisnaich higher as the higher is the

inflation target rate.

! Figures 1, 2 and all the following, are drawn gsibBMC (interactive Dynamical Model Calculator).
This is a free software program availablevatw.dss.uniud.it/nonlineaand copyright of Marji Lines and
Alfredo Medio.
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In other words, the policy setup does not giverglsi clue about why should the
Central Bank be concerned with maintaining pried#ity. Every economist recognizes
that this doubt has a straightforward answer: bibta in the evolution of prices can be
a serious impediment for investment decisions. Tiheertainty caused by changes in
the monetary value of prices (hiding shifts in tielaprices and making it hard to resort
to credit) is the most serious threat for an emmment that intends to stimulate
investment. This argument is the one used in thEepto put together the standard new
Keynesian monetary policy problem, in the form jdescribed, and the Ramsey growth
paradigm, which precisely deals with investmentiglens and explains long-term
trends of growth.

We interpret the Ramsey growth model as a mechanish describes the
evolution of the potential levels of per capita ®omption, per capita physical capital
and per capita output. In reality, these aggregate®nly benchmark levels from which

we withdraw effectively observable aggregate valtmsinstance, the effective level of
output is y, =y, (&%, wherey; is determined on the Ramsey model aqdn the

monetary problem.

Considery;, ¢, ke andj; the potential per capita levels of output, constiomp
physical capital and investment. The last aggregavestment, is the potential level of
investment in the absence of any aggregate priaageh Inflation (or deflation) will
mean that some investment projects will simply berlmoked and not undertaken,
given the uncertainty that becomes attached to tR@mextremely high price variations
the level of investment will fall asymptotically twero. To reflect this effect over

investment, we defing’ as the potential level of investment adjusted ibfjation.
Analytically, the following relation is establishegl'= j, [ , where@>0 reflects the

impact of price changes over investment decisitms ljigher the value df, the faster

investment falls to zero as the inflation risesuife 3 depicts graphically this relation,

*** Eigure 3 ***

Besides this relation between inflation and investimdecisions, the Ramsey
model will have its usual structure. We are refggrito an intertemporal utility
maximization framework, where utility is withdrawonly from consumption; the

infinitely lived representative consumer solvesdiseounted problem (6).
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Mcaxi LU (c) (6)

Per capita consumption is the control variable bé tproblem and the
instantaneous utility function should obeyWs>0, U’< 0 andU’ - +o asc;—-0. To
simplify the analysis, we just considel(c)=In(c;). Problem (6) is constrained by a
capital accumulation equation which is derived framdemand equation and from the
definition of capital accumulation. Abstracting rimoinflation effects, the relation
between output and demand comes+j:. Capital accumulation, in turn, is defined as
the potentially undertaken investment, when inflatis considered, less a depreciation
term, thatisk,,, -k, = j,'-dk,, with &0 a depreciation rate ahg given.

Combining the two previous expressions, one arrteethe capital accumulation

constraint under inflation effects over investment,

Ky —k, =[f (k) -c @™ - &, (7)

In (7), we consider the production functigif(k), wheref(k) should have the
standard properties on growth analysis, that isitpe and non increasing returns must
be guaranteed. Later, we will distinguish neoctzdsgrowth (decreasing marginal
returns) from endogenous growth (constant margietairns) in order to inquire about
how monetary policy has different implications givdifferent notions of long-run
growth. For simplicity, we take a Cobb-Douglas pretibn function, that isy;=Ak.’,
with A>0 a technological parameter aadl1 a positive output-capital elasticity.

As in the monetary policy setup, the dynamics & Bamsey model are widely
known, and therefore we do not spend time in degivihe consumption difference
equation. The computation of first order conditiomgplies the following rule, which
relatively to the standard form is just augmentedhe presence of the inflation term,

B! C -1-a
Cont = '8 eé’:lzz EEUA +(1l '+ (1_5) Eentzﬂ (8)

whereki. 1 is obtainable through (7) armg., comes from (5).
As stated, two different growth interpretations d¢anstudied just by assuming,

alternatively,a<1 anda=1. This is done below. In synthesis, one has takenwidely
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used macro setups: the first is focused on the abimonetary authorities and on the
short-run relation between nominal settings andstiadilization of real output levels.

The second concentrates on the private sector eéhoegarding consumption, savings
and investment. We have established a link betwkertwo analytical structures by

assuming that inflation may injure the full extemtwhich investment resources can be
efficiently allocated.

Therefore, the two problems can be analyzed segwrhtit the results of both
interfere with the outcome of the other: inflatianll be exogenous for the Ramsey
model but it will have an important influence ovasnsumption, capital and output
trajectories. The output result of the Ramsey moiheturn, should be used together
with the output gap in the policy model to get ke ttime series that are the truly
relevant from the representative agent utility poaifwview: the effective levels of output

and consumption.
4. Decreasing Returns and the Optimal Inflation Target Rate

Consider, first, the neoclassical casg {). The Ramsey model result is given by

proposition 2.

Proposition 2. The neoclassical Ramsey model with investmentsidasi

determined by aggregate price changes has a unigsieady state,

aAR o)’

1/(1-a)
B ,AKY =k @777 |, System (7)-(8) is saddle-path stable
1/8-QA2-9)

(k,c) = {

and the stable trajectory correspondsdo-c :1_—§le5[@’”2 [k, —k), with {1<1 a

positive constant.

Proof: The balanced growth steady state correspondbedrajectories(k,c)
which obey tok=ki1 andc=cw1. Solving system (7)-(8) under these constraintes, w
obtain a unique result that is precisely the onthéproposition (note that the inflation
steady state rate is withdrawn from the monetaticypproblem).

To inquire about the nature of the model’s dynamies write the Jacobian matrix
associated to our system,



Monetary Policy and Economic Growth: Combining Stzord Long Run Macro Analysis 13

) 1B ) —e vt
" -a-afup-a-o)E 1+ p-ay iy - a- o) E e

The following conditions hold,

1-Det(J,) = =B 0;
B
1-Tr(J.) + Det(d,) = -Al-a) {1/ B - A- 5)] BE B0 <0

1+Tr(Jg) + Det(Jg) = ZGHT’B +BL-a) i/ 8- 1-0)] BE B9 5

These conditions support a saddle-path stable dgnasult. The two eigenvalues
of Jr are{101(0,1) and{>>1, such that,

_Tr(3e) - |(Tr3e)) 1
wé=5 +J( 2 J J;

1-5¢, @emn*)z
B
g is the slope of the stable trajectory as represkint the propositiom

An eigenvector associated {pis q = {1 } the second element of

An important steady state result respects to tfleence of the inflation target
over long term potential consumption and investmAotording to the expressions in
proposition 2, the higher is the inflation targéte lower will be the amount of
accumulated capital in the long term, which comes@surprise given the assumption
about the relation inflation-investment; and thghler is that target, the lower is also the
level of per capita long-run consumption. Given #teaightforward relation between
the capital stock and income present in the proediidunction, the potential steady
state output / income level is also negativelytegldao the inflation target.

Therefore, from the point of view of the potentievels of macroeconomic real
variables, there is all the advantage in havingeat@l Bank that sets low inflation
targets. The selection of the inflation target i@pla conflict: the loss in investment is

the effect that is under discussion when takingpbtential levels of macro variables;
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nevertheless, we are interested in effective lewélsariables, and these receive the
stimulus of an output gap effect that is as mucbnsfer as the higher is the chosen
(recall the steady state xj. We will return to this discussion below. For name can
withdraw some additional information from the reésnlproposition 2.

Note, in the first place, that the steady statalteselate to variables in levels and
that these results correspond to constant quamtifieis means that the introduction of
inflation does not change in any way the neoclassiature of the growth model: all
per capita aggregates are constant values in tigerlon, unless some change occurs in
a parameter value, e.g., the technology index e@rdiecount factor. Because these are
potential levels, they are not subject as welluppty shocks that we have identified as
important in the short-run analysis.

Additionally, we have stated that endogenous véfalzonverge to the steady
state only in the circumstance where the repregeatagent selects in order to locate
variables, from the beginning, over the stable éaopposing that this occurs, we obtain
a stable trajectory that is qualitatively similarthe one in the original Ramsey model:
an increasing capital stock is accompanied by areasing level of consumption, given
the positive slope of the stable trajectory. Ongairg the only additional note goes to
the role of the inflation target: a higher inflatitarget means a steeper relation between
k: andc; in the convergence towards the steady state,lasdgstsynonymous of a faster
convergence to the long-run position.

As in the monetary policy model, the analysis c& fRamsey problem can be
reduced to a single equation, if one replaces thieles trajectory in equation (7). The

resulting dynamic relation is:
a _ = - 1- i
o ~h = (A -0 7 =20 k) -k ©)

Because (9) is derived from the stable arm, it nseguation with a stable
equilibrium.

Short and long-run macro analysis can now be retiucethe examination of
system (5)-(9). The respective steady state ialdeshode, i.e., independently af,&o)
the steady state is always accomplished. The dysaofithe other two variableg,and
C;, may, then, be analyzed given the saddle-pathoea

In synthesis, both considered frameworks are sgolatle stable and assuming that

the control variables (interest rate and consumptean be manipulated (the first by
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public authorities and the second by the privatgosg in order to follow such stable

arms, we obtain a fully stable system in whichralevant variables converge to the
steady state. None of these variables is, howdlverfundamental ones concerning the
welfare of economic agents; these are the effet#vels of output and consumption, to

which we now turn.

Recall thaty, =y, [&%. The definition of output in terms of demand ineglithat
y, =c, [@* + ], [&*; hence, we defing, =c, [&* as the effective level of consumption

and ]: =], &% as the effective level of investment. This last atiows for a clear

discussion of the benefits and costs of inflatiargéting. Recover the relation between
the inflation rate and the output gap in propositth This relation implies that the

exponent  expression in the above condition IS edent to

1_f£1 7, —w or —iDu'—Hﬂf. Maintaining inflation above zero has a cost,

which corresponds to the last term in the expresdat it has also a benefit, because

with the stimulation of a positive output gap intresnt rises. Proposition 3 is a central

result,

Proposition 3. The inflation rate that maximizes effective investmis

7Ttm — 1_ﬁ51 _
26/

Proof: Consider g(7z) = 1_/'1881 7, - (1_31) B Or —%Eﬁ—@nﬁ. Function g

has an inverted U-shaped form, and hence a unigxémm exists. This maximum is

the solution of dg/d7r, = 0 The solution is the inflation rate displayed inet

proposition®

According to proposition 3, the economy has an athge in maintaining a
positive rate of inflation that, however, must betsuperior toz". The inflation rater™
is the one to which the perverse effects of inflatover investment are better fought by
the positive impact of pushing output above itepaal level.

Economic agents cannot choose a singleover all time moments, since the
evolution of inflation depends on a state constraiNevertheless, the Central Bank

controls the inflation target. This is chosen iderto bound the price variation and, in
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our monetary policy framework, it becomes the infla level in the steady state.
Therefore, one can investigate which is the irdkattarget that should be selected in

order to maximize the long term level of per capitaestment.

Proposition 4. The inflation target concerning monetary policy idens that

B

. . . * 1_
maximizes the long term investment levetis= BT

Proof: Function g(ﬂ*)zl_TDf—%Eﬁ—H(n*)Z is such that] = j @),

Thus, the effective level of investment (relativedyits potential level) will be as higher

in the steady state as the higher is the valug @ince againg(7r )s an inverted U-

shaped function, and its maximum correspond@gtbd7r =0= 77 :12W ]

Proposition 4 gives an important policy indicatidh.says that, in order to
maximize effective investment, the Central Bank udtioselect a positive inflation
target, which depends negatively on three parasietee discount factor (hence, the
higher the discount rate of future decisions thghér is also the required target rate),
the parameter that translates the effect of imftabver investment losses, and the price
flexibility parameter (stronger sluggishness otes requires a higher inflation target).

The steady state analysis can be extended to \esialitput and consumption.
Relatively to these, we can compare effective Ewélthe variables with the ones of a
perfectly competitive economy without any kind péfficiency or nominal effect. The
original Ramsey model implies the following steadystate values,

al(l-a 1/(1-a
m:Amm%ﬂﬂ%ra}()wquLu;ﬁﬂ{y)%Uﬂ;k@'ﬂ'
With the imposed conditions, effective output affdaive consumption correspond, in

the steady state, to the following quantitieg,= Y, Ee(l"”)m’*“‘w“’mﬁ”k)"1“’); and

. N _ « 2
C=c, et-Ax /A—uu—ae[@n) [A-a)

Proposition 5. The inflation rate target that maximizes the eflectlevel of

. _@-@)1a-p)

output, relatively to the competitive economy casa, = a6
a
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Proof: We want to maximize the value of function
x \2
h(n*):¥Df —%[ﬁ—%i, which implies solvingoh/dr = 0in order to
obtain the result in the proposition. Once agdms is a maximum of the function

because this corresponds to an inverted quadratation®

Comparing with the investment analysis, we haveothiced a new factor that
determines the optimal inflation target: the outputapital elasticity; the higher the
value of this elasticity, the lower should be thgget rate.

The important aspect to emphasize in the steady atalysis of effective levels
of the variables is that two conflicting forces lmd: the positive effect of the rising
prices over the generation of income and the neganfluence of inflation over
investment decisions. There is an interval in whibk first effect overcomes the

second, namely, when

1—ﬂ_\/(1—,[>’j2_ 4@ 1_ﬁ+\/(1_ﬁj2_ 4@

gl A ) L-a)@A A ) 1-a) A
206 ’ 206

l1-a 1-a

The optimumsr in proposition 5 is inside this interval. When théation target is
outside this set, then the negative effect of pricstability implies lower levels of
output and consumption than in the frictionlessecds this way, it is not optimal to
choose a zero target rate for inflation becaused&cision eliminates investment losses,
but it eliminates also the benefits from the stiasulof output production over its
potential level.

Our main argument, with important policy implicatg is this: there is a role for
monetary policy, in the sense it helps to produdeng term result concerning real
economic growth that is preferable to the one Waild be found on an economy that
is capable of keeping zero inflation even withooy @ublic intervention. Our result is
welfare enhancing relatively to the optimal resnlthe benchmark frictionless growth
model.

The steady state output and consumption values havadditional important
information to give, namely that our neoclassicalvgh model with monetary policy

decisions will exhibit business cycles as a resulhe supply side stochastic component
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that is present in the Phillips curve. Figures d &nepresent the time series of effective

levels of output and consumption for reasonableesabf parameters.

*** Figures 4 and 5 ***

5. Constant Returnsand a Short-run / Long-run Stable Trajectory

The remarks in the previous section apply to amewty that does not grow in the
long term. A parallel set of conclusions are noscdssed under an endogenous growth

setup @=1). In this case, capital and consumption dynamédsice to

K., = (Ak —¢,) @7 +(1-0) [k, (10)
- Ct Eﬁ — o1ty
Cn =B Geg_”lz A+(1-o)le (11)

For a constant steady state inflation rate, capital consumption will grow at a
same positive rate in the long-run; thus, we dethree variable consumption — capital
ratio, ¢4=ci/k;, which is a constant value in the steady state.

The dynamics of4 are given by,

_ Bia+a-or
(A-y,)+(@1-9) ™

W, (12)

t+1

and the corresponding steady state valueis (L- ) EhA+(1—5)Ee9m”x)2J. The
higher the inflation rate, in the steady state,tfuge physical goods will be allocated to
consumption rather than capital accumulation.

Note that (12) is an unstable difference equatioth, #hus, it is unlikely that the
steady state is reached, unless the initial leebnsumption is chosen in order to fulfil
such goal. We can form a system of two equatiorth Wwvo endogenous variables
putting together (5) and (12). This system will be,the steady state vicinity, the

following,
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VM‘W}{Uﬂ-QM1—m”ﬂ—@Dﬂywq%%‘W} 13)

77t+1_7_T 0 & 7Tt_7_7

Proposition 6. System (5)-(12) is saddle-path stable and the stabijectory is

ll/t —W: 1_1851 . 2
206 L~ B - 0) O (&™)

[, —m).

Proof: The Jacobian matrix of (13) has two associatedmeiglues.s;, which is
inside the unit circle, and £/ which is a value above 1. Therefore, saddle-piaibilgy
holds. An eigenvector of the eigenvalue & is

1- ,8‘91
268 11— B)2 - 6) 07 &V

slope of the stable arm in the propositin

s=|1 . The second element of the vector is the

If the level of consumption is initially chosen worder to follow the stable
trajectory, the dynamics of convergence towards steady state are such that a
reduction of the inflation rate succeeds at theesime as the ratig4 falls, that is the
consumption level declines relatively to the acclatad stock of physical capital. Also,
because there is a saddle-path positive relatibndes 77 andx;, if it is sustainable to
increase the output gap, consumption will risetiedty to capital accumulation.

Because in the present case all relevant varigotes at a same steady state rate,
the impact of the monetary policy problem over ghewth model must be analyzed in
terms of growth rates. Note that, in what concg@uiential levels of output, capital and

consumption, the steady state growth rate result is
=y = P oyt T |-
Vy=w=>V.= 9[6”*)2 At (1-o)le 1 (14)
e

From (14), one understands that the potential drafthe real variables declines

with higher long term inflation. In what concerrigtgrowth of effective levels, we

should note thaty; =y, +y,. and y; =y, +y,, and therefore the growth rates we

seek are
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_, = B _ of | (@-8)/ A _
b5 =k = gy {Ar @@ Jre 2 (15)

Analyzing (15), we conclude that effective outpam@d consumption) will grow at
a rate around the potential output (consumptioowt rate, but that is not constant

over time given the supply shock term. Figure 6 paras the two growth rates.

*** Eigure 6 ***

In the case of endogenous growth one observess#hatting an inflation target
above zero brings no gain of higher growth. The Ipedicy in this case consists in
aiming at a zero inflation rate. Nevertheless, @ghsence of growth effects does not
mean that level effects are absent. As in the assidal case, although they will grow
the same (on average), the level of effective dutpll be always higher than the level
of potential output if the target inflation is &t an optimal value as in proposition 5.

6. Final Remarks

The new Keynesian monetary policy model takes asngan important strong
assumption: the Central Bank should be concernéahapty with price stability,
because inflation is a serious threat for the abmélocation of resources, what certainly
harms the process of growth in the long run. Itriatsy monetary analysis, the previous
assumption is implicit and the focus is only on #feort-run relation between the
inflation rate and the output gap; no considerai®omade about the trend of long run
growth and how this is constrained by a high or t®gree of price stability.

By turning the previous hypothesis explicit throudfie inclusion of a Ramsey
growth setup into the monetary policy paradigm, bas combined short and long term
macroeconomic analysis, what allowed finding somteresting dynamic relations.

Under a neoclassical growth model, the simultanaoosetary policy analysis
has taken us to steady state results where bustyebss are present and where it is
clear the tension between two competing effects \{blfare enhancing effect of lower
interest rates over effective output, although vatlost regarding price stability; and
the harmful impact of price instability over invesnt). As a result, we found that the

inflation target (which, in our framework, is alweagccomplished under the optimality
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scenario) should be above zero, even if this maansstained loss in the potential level
of investment (when this loss is offset by the gaiterms of output gap).

The endogenous growth case revealed a stable @jectlation where
consumption falls relatively to accumulated capital the circumstance where the
convergence to the steady state occurs for a daogemflation rate. In this model, we
have also verified that effective output and congtiom steady state growth rates are
not constant when the supply side disturbance ef rttonetary model is present.
Endogenous growth with business cycles is, in thay,vsupported by adding, to the
positive and constant rate of potential growth, gh@wth rate of a non constant output

gap term determined in the policy framework.
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Figure 1. Inflation time path in the optimal mongtpolicy model f5=0.03;%,=0.01;£=0.5;
[=0.96; 77=0.02;1=0.75; a disturbance term is includeztQ.75 andg,?=0.002)].
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Figure 2. Output gap time path in the optimal mangepolicy model [§=0.03;%,=0.01;£=0.5;
[=0.96; 77=0.02;1=0.75; a disturbance term is includeztQ.75 andg,?=0.002)].
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_

Figure 3. Investment levels and inflation.
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Figure 4. Long term effective output time paij).[=5; a=0.75; 4=0.96; 77=0.02; =0.75;
6=2.25; a disturbance term is includeztQ.75 andg,’=0.002)].
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Figure 5. Long term effective consumption time gah= 2; a=0.75;4=0.96; 77=0.02;
A=0.75; 8=2.25; a disturbance term is includes:Q.75 andg,’=0.002)].
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Figure 6. Growth rate of per capita output [potarhe one that displays a constant growth
rate) and effective (the one with cycles)] in tinel@genous growth modeA{0.12; 5=0.96;

77=0.02:1=0.75; &=2.25: 5=0.05; a disturbance term is includez:.75 andg;?>=0.002)].



