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1 Introduction

In this dissertation, we have written three essays on the dynamic general equilibrium
models.

Since the seminal research by Kydland and Prescott (1982), which is based on
the neo—classical optimal growth model as in Ramsey (1928), Cass (1965) and Koop-
mans (1965), the Real Business Cycle models have been developed to explain the
aggregate fluctuations. Hansen (1985) and Rogerson (1988) introduce the indivisible
labor model to respond to the criticisms on very high labor elasticity. Braun (1994)
and McGrattan (1994) show that introduction of distortional taxes can enhance the
model’s ability to explain the data. Greenwood, Hercowitz and Huffman (1988) endo-
genize the capital utilization and provide that small technological progress can have
very large effects on the macro economy. Burnside and Eichenbaum (1996) incorpo-
rate the labor hoarding, under which the utilization rate for labor is time-varying,
for the better explanation of the labor dynamics. Benhabib, Rogerson and Wright
(1991) introduce the home production to reduce the effects of the wealth effects to
the realistic level. Merz (1995) and Andolfatto (1996) apply the theoretical labor
search and matching model as in Mortensen and Pissarides (1994) to the business
cycle analysis and show such an extended model can explain aggregate fluctuations
better than the standard Real Business Cycle models.! These developments are very

well summarized in King, Plosser and Rebelo (1988a, 1988b) and Cooley (1995).2

!This leads to the current debate in equilibrium unemployment models as found in Shimer (2005)

2Except for explaining fluctuations, Cole and Ohanian (2002) show that the standard Real

Business Cycle with exogenous TFP obtained from data can well explain the Great Depression.



While most of the Real Business Cycle models ignore nominal rigidities and the
role of monetary policy as the name suggests, some studies insist the necessities
to incorporate these nominal features so that we can construct a model which can
represent reality. For example, Gali (1999) and Basu, Fernald and Kimball (2006),
focusing on the effects of technological improvements on other macroeconomic vari-
ables, especially hours worked, show that the Real Business Cycle models cannot
account for the empirical facts while the model with nominal rigidities can. Mean-
while, Bils and Klenow (2004) and following analyses using micro data on price
settings, provide the clear evidence on the price stickiness. Christiano, Eichenbaum
and Evans (1999) summarize the developments of the VAR models on monetary pol-
icy shocks since the seminal work by Sims (1980), and clarify the role of the monetary
policy shock in the business cycles. Under such circumstances, models developed by
Kimball (1995) and Yun (1996), that incorporate nominal rigidities in the form of
the staggered price setting introduced by Calvo (1983), have been receiving much
attentions. These models called as the (dynamic) new Keynesian model, the New
Neo—Classical Synthesis model, the dynamic IS-LM model, the new IS-LM model,
the Neomonetarist model or the Monetary Business Cycle model, are now the work-
horse models for policy institutions when forecasting the economy, understanding
the aggregate fluctuations and seeking for the optimal monetary policy.?

The core structure of these models consists of three equations, the new Keynesian

Phillips curve, the dynamic IS equation and the monetary policy rule. The new Key-

30pen economy models in this tradition initiated by Obstfeld and Rogoff (1995) is called as the

New Open Economy Macroeconomics Models.



nesian Phillips curve depicts the aggregate supply condition, namely the relationship
between price (inflation) and output. The key feature here is that firms cannot fully
adjust their prices optimally all the time. As a result, they take the forward looking
behavior in price setting, that is, take the future developments in marginal cost into
account. Such stickiness in price setting is usually introduced by using the stag-
gered contracts in Taylor (1979, 1980) and Calvo (1983) or the price adjustment cost
in Rotemberg (1982). Taylor (1979, 1980) assumes the staggered contracts for the
fixed duration while Calvo (1983) supposes a situation where only fractional firms
can re-optimize their prices. Despite their similarities, each specification has quite
different welfare implication. For example, while some firms cannot change their
price optimally forever in Calvo (1983), no such horizontal relative price distortions
but only intertemporal relative price distortions exists in Rotemberg (1982).! Yet,
as long as the model is solved in a common framework of the log—linearized system
using the technique introduced in Blanchard and Kahn (1980), Roberts (1995) show
that specifications of nominal rigidities in Taylor (1979, 1980), Calvo (1983) and
Rotemberg (1982) are observationally equivalent.” The dynamic IS equation repre-
sents the standard Euler equation for intertemporal substitution, which connects the

consumption and real interest rates, and plays important role in the Real Business

4Micro evidences on price setting as in Bils and Klenow (2004) point out that many price

adjustments are infrequent and large, that is contrary to the implication by Rotemberg (1982).

®We employ Rotemberg (1982) type specification in this dissertation. Except for the normative
analysis on monetary policy in Chapter 3, results will not change. The reason why we choose the

Rotemberg (1982) type specification here is that it is more consistent with firm dynamics.



Cycle models as well. The monetary policy rule is usually employed in the form of
the Taylor (1993) rule, in which the policy interest rate is determined by reacting to
inflation and output gap, theoretically the deviation of the output from that in the
flexible price equilibrium. Before the advent of the Taylor rule, the money growth
rule, following the classic Friedman’s k% rule in Friedman (1969), to keep the in-
flation expectation constant is usually employed as a monetary policy rule. Taylor
(1993) showed the Taylor principle where nominal interest rates should be raised
more than one-to-one to inflation so that real interest rate and therefore inflation
are controlled. Since then, because we know how to avoid indeterminacy with the
Taylor rule and the Taylor rule satisfying such a condition, namely the Taylor prin-
ciple, fits more to the actual exercises taken by the central banks, the Taylor rule
has been more used in academic and practical analysis on monetary policy than the
traditional money growth rule.’

The new Keynesian models, well-summarized in Clarida, Gali and Gertler (1999),
Walsh (2003) and Woodford (2003), have been developed in both normative and
positive perspectives. Because the new Keynesian model is based on rigid micro—
foundations with nominal rigidities, the normative implications of monetary pol-
icy has been intensively investigated. Rotemberg and Woodford (1997) derive the
quadratic social loss function which is theoretically consistent with micro—founded
models. This turns out to take the same form as the traditional objective of the

central banks as minimizing the weighted sum of squared deviations of inflation and

6Tn this paper, except for the normative analysis in Chapter 3, we employ the the Taylor rule

because this fits the empirical facts very well. The Taylor rule is usually not the optimal rule.
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output from their targeted values. This has boosted the analysis on the nature of the
optimal monetary policy to minimize such a theoretically consistent welfare criteria.
In addition to the above mentioned Clarida et al. (1999), Walsh (2003) and Wood-
ford (2003), Erceg, Henderson and Levin (2000) inquire into the optimal monetary
policy when there exist nominal rigidities in both prices and wages. Aoki (2001)
show the optimal monetary policy when the degree of nominal rigidities are differ-
ent among sectors while Aoki (2003) reveal the nature of optimal monetary policy
when the potential growth rate is only available with noisy informations. Svens-
son (2003) emphasize the importance of the optimal monetary policy in the form
of the targeting rule instead of the instrument rule as in the form of the Taylor
rule. These developments are thoroughly covered in Giannoni and Woodford (2003a,
2003b, 2003c).

Prevalence of the new Keynesian models are not solely from normative perspec-
tives for their usefulness in monetary policy analysis. Rather, some claim that it has
come from its explanatory power for business cycles. In a situation where such stud-
ies as Gali (1999), Basu et al. (2006), Bils and Klenow (2004) and Christiano et al.
(1999) show the problems in empirical accounting in the Real Business Cycle models,
Christiano, Eichenbaum and Evans (2005) construct a model with sticky prices and
wages, habit formation in consumption and investment growth adjustment costs and
show such a model can reproduce the impulse responses for the monetary policy shock
obtained in the VARs quite well. Then, Smets and Wouters (2003, 2007) show that
such a model estimated by the Bayesian maximum likelihood technique introduced

by Schorfheide (2000), can demonstrate similar fits to non—structural VAR models.
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These models have now become the core models in many policy institutions as in
Adolfson, Laseen, Linde and Villani (2007), Erceg, Guerrieri and Gust (2006) and
Laxton and Pesenti (2003). Interestingly, reflecting the popularity of such models,
two leading figures on the positive analysis show their cynical views on the prevalence
of the new Keynesian models in Fujiwara, Fukuda, Muto, Shigemi and Takahashi
(2008a). Mark Gertler of the New York University has commented that “newly devel-
oped groupthink might have set the stage for the next global economic contraction,
because all the central banks were going to make the same mistakes using the same
models.” Furthermore, Lawrence Christiano of the Northwestern University has said
that “there was an amazing, probably unhealthy, consensus at the moment as to
models and therefore this was an unusual time in economics.” Further developments
have been made to the so—called canonical Dynamic General Equilibrium models
following Christiano et al. (2005) and Smets and Wouters (2003, 2007). Bernanke,
Gertler and Gilchrist (1999) incorporate the financial accelerator mechanism based
on the costly state verification model by Townsend (1979). Moreover, to incorporate
more realistic expectations than the rational expectation, learning following Evans
and Honkapohja (2001) has been intensively applied to the new Keynesian Models.

This thesis aims at contributing to the existing studies in the dynamic stochas-
tic general equilibrium model, particularly in the new Keynesian models, on three
aspects. It consists of three chapters. Chapter 2 is on “Dynamic new Keynesian
Life-Cycle Model.” Chapter 3 is on “Re-thinking Price Stability in an Economy
with Endogenous Firm Entry: Real Imperfections under Product Variety.” Chapter

4 is on “Growth Expectation.” Brief explanations about contributions are as follows.
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In Chapter 2, we investigate the macroeconomic responses to such structural shocks
on monetary policy and technology in a life—cycle economy both from normative
and positive perspectives. This is the first structural analysis on the distributional
aspects of the new Keynesian model. Chapter 3 inquires into the optimal monetary
policy when firms entry and exit from the market. The new Keynesian model with
such extensive margin adjustments in firms are studied in Bilbiie, Ghironi and Melitz
(2005, 2006, 2007) and Bergin and Corsetti (2005) from both positive and norma-
tive perspectives. They, however, assume that the steady state is efficient, namely
the first best allocations are obtained in the non—stochastic steady state. Instead, by
assuming the distorted steady state where fiscal policy does not play any role in elim-
inating the excess profit stemming from monopolistic competition, we can analyze
the nature of optimal monetary policy facing the real imperfections namely trade—
off between stabilizing inflation and welfare-relevant output gap. One interesting
result from Chapter 3 is that under the distorted steady state the optimal inflation
is non—zero, which is a new finding. In Chapter 4, we investigate the responses for
the anticipation of future high productivity. Christiano, Ilut, Motto and Rostagno
(2007a) show that realistic expectation—driven business cycles can be materialized
in the so—called canonical dynamic stochastic general equilibrium model as in Chris-
tiano et al. (2005) and Smets and Wouters (2003, 2007) for such anticipated shocks.
Yet, they only give a one time level increase in productivity as a shock. We show
that if we instead assume the anticipation of future higher growth rate of technology,
such an expectation—driven business cycle is hardly generated.

Abstracts of each Chapter are as follows.
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In Chapter 2, we first construct a dynamic new Keynesian model that incorpo-
rates life-cycle behavior a la Gertler (1999), in order to study whether structural
shocks to the economy have asymmetric effects on heterogeneous agents, namely
workers and retirees. We also examine whether considerations of life-cycle and de-
mographic structure alter the dynamic properties of the monetary business cycle
model, specifically the degree of amplification in impulse responses. According to
our simulation results, shocks indeed have asymmetric impacts on different house-
holds and the demographic structure does alter the size of responses against shocks
by changing the trade—off between substitution and income effects.

In Chapter 3, we re-think price stability in an economy with endogenous firm
entry under possible distortions. We first demonstrate that endogenous entry causes
real imperfections. Reflecting fluctuations in the number of varieties, the gap between
the natural and the efficient level of output is no longer constant and variant to
shocks. As a result, the central bank faces a trade—off between stabilizing inflation
and welfare-relevant output gap. Then, we show that this results in the non—zero
optimal rate of inflation. We further check whether welfare can be enhanced by
targeting welfare—based inflation instead of cross—sectional average inflation contrary
to the previous findings. Simulations even with such distortions as unknown natural
interest rate or no fiscal remedy for efficient non-stochastic steady states, however,
support cross—sectional average inflation targeting although there may exist some
small gains by referring also to welfare-based inflation rates. Incomplete stabilization
may enhance welfare in an economy when agents cannot internalize the externality

on the love for variety.



Chapter 4 is about the difficulty in producing reasonable business cycles for the
expectation shock about higher future technology. For a long time, changes in ex-
pectations about the future have been thought to be significant sources of economic
fluctuations, as argued by Pigou (1926). Although creating such an expectation—
driven cycle (the Pigou cycle) in equilibrium business cycle models was considered
to be a difficult challenge, as pointed out by Barro and King (1984), recently, several
researchers have succeeded in producing the Pigou cycle by balancing the tension
between the wealth effect and the substitution effect stemming from the higher ex-
pected future productivity. Seminal research by Christiano et al. (2007a) explains
the “stock market boom—bust cycles,” characterized by increases in consumption,
labor inputs, investment and the stock prices relating to high expected future tech-
nology levels, by introducing investment growth adjustment costs, habit formation
in consumption, sticky prices and an inflation—targeting central bank. We, however,
show that such a cycle is difficult to generate based on “growth expectation,” which
reflect expectations of higher productivity growth rates. Thus, Barro and King’s

(1984) prediction still applies.



2 Dynamic New Keynesian Life-Cycle Model’

2.1 Introduction

Societal aging is one of the biggest economic issues facing many industrial countries.
In Japan, in particular, society is aging so rapidly that not only is the working
population (those older than 15 but younger than 65) already shrinking, but the
total population is also expected to start decreasing by 2007. This movement suggests
that the central bank should have an even greater interest in how monetary policy
affects heterogenous agents, namely workers and retirees, differently and how the
consideration of this demographic structure may alter the reaction of variables to
structural shocks.® Seminal research by Woodford (2003) depicts the various forms
of the dynamic new Keynesian model corresponding to different economic conditions
and has had a significant influence on central banks’ views of monetary business
cycle. However, to date very little research has paid attention to monetary business
cycle model with heterogenous agents, particularly within a life-cycle setting.

In this paper, we first set up a dynamic stochastic general equilibrium model

with nominal rigidities and investment adjustment costs that incorporates life—cycle

"This paper is co-authored with Yuki Teranishi. This chapter is published as an article in Journal

of Economic Dynamics and Control 32 (8).

8For example, “The Coming Demographic Transition: Will We Treat Future Generations Fairly,”
the chairman, Ben Bernanke, discusses the societal ageing and comments that “the broader per-
spective shows clearly that adequate preparation for the coming demographic transition may well
involve significant adjustments in our patterns of consumption, work effort and saving,” although

the remarks are mainly on the sharing the burden of population ageing.
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behavior a la Gertler (1999). Then, we show whether the structural shocks to the
economy have asymmetric effects on heterogeneous agents and whether the consid-
erations of the life—cycle and demographic structure alter the dynamic properties of
the solution, under different settings of life-cycle behavior.” Of course, as mentioned
in Bean (2004), it is true that “the glacial nature of demographic change appears
to suggest that the implications for monetary policy should be modest.” We, how-
ever, believe that it becomes more important for central banks to acknowledge the
asymmetric effects on heterogeneous agents within a life—cycle economy with a sta-
tionary population, since societal aging in many industrial countries necessitates the
consideration of the distributional consequences of monetary policy. Furthermore,
central banks must always understand the monetary transmission mechanism as well
as macroeconomic responses to structural shocks in detail. Therefore, we focus on
the impulse responses of this life—cycle economy. We know that the impact of soci-
etal aging on general equilibrium has two separate aspects, and it is important to
distinguish between the two. First, the “transition” toward the aging society can be
most naturally considered in terms of a macro shock, which will affect monetary pol-
icy decisions. Second, the impulse responses derived from a dynamic new Keynesian

model in a “stationary population” may be quite different for an elderly society than

9This aim is similar to those in recent literature on real rigidities that try to explain realistic in-
flation persistence with reasonable calibration, such as Sveen and Weinke (2005), Altig, Christiano,
Eichenbaum and Linde (2005), and Levin, Lopez-Salido and Yun (2007). Yet, the demographic
structure does not alter the persistence but the volatility of the endogenous variables against struc-

tural shocks.
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for a young society. For the purposes of the current paper, we focus on the second
of these two aspects.

Bean (2004) summarizes the previous findings in this field, pointing out their
implications for a central bank: (1) demographic developments represent a macro-
economic shock, which may lead to abrupt movements in asset prices and sharp
movements in saving behavior; (2) the natural rate of interest falls both along the
transition path and in the steady state; (3) the natural rate of unemployment may
also be affected through the matching mechanism;' (4) the wealth channel is likely
to become a more important transmission channel of monetary policy than intertem-
poral substitution; (5) the Phillips curve is flatter due to immigration and the in-
creased participation of retired workers whose supply of labor is considered to be
relatively elastic; (6) the constituency for keeping inflation low will be larger thanks
to higher average wealth accumulation; and (7) societal aging may induce diversifi-
cation and risk—shifting with a securitized market rather than bank-intermediated
finance, which has implications for financial stability. Although not all the topics
raised by Bean (2004) can be covered in this paper, we formally verify (4) using
the dynamic general equilibrium model with sticky price and life-cycle behavior.
Yet, as societal aging deepens, although income effect becomes stronger for retirees,
that of workers becomes weaker. Hence, in aggregate, a tightening monetary policy
shock still has negative impacts on the aggregate demand. Even though retiree’s

consumption increases, worker’s consumption or the investment needs to be lowered

10We would like to consider incorporating matching mechanism similar to Merz (1995) and An-

dolfatto (1996) in our future research.
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since there is no expansion in the production frontier. At the same time, we will show
that (2) is not a general result due to the endogenized labor participation by retirees.
Furthermore, we find that since retirees do not work as much as workers, they benefit
less from improved technology, a point not by raised by Bean (2004). Therefore, the
monetary response to a positive technology shock can be smaller in a greyer society.
Anecdotal evidence on these points abounds, but there have been very few studies
that have tackled this problem in a theoretically consistent dynamic general equilib-
rium framework, which is the workhorse model for modern monetary policy analysis.
Our main conclusions are as follows. Since retired people rely more on interest in-
come than on wages from their labor supply, shocks indeed have different impacts
on different households. Furthermore, the demographic structure does alter the size
of the response to shocks by changing the degree of the trade—off between substitu-
tion and income effects. Therefore, societal aging and life—cycle considerations, have
important implications for monetary policy.

Another interesting point is to compare optimal monetary policy in this life—cycle
economy to the one obtained in a standard model with homogeneous agents. Stochas-
tic welfare analysis, however, raises difficult issues such as what discount rate should
be used by firms and which welfare measures are appropriate with the setting of the
model in this paper. As for the latter, it is not trivial to compute aggregate welfare
with heterogenous agents. In other words, it is difficult to weigh the welfare of each
heterogenous agent in order to obtain aggregate welfare measure. The former is an
especially large concern with incomplete markets and heterogenous agents, because

marginal utility growth rates are no longer equalized across agents and therefore the
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choice of the appropriate discount factor is no longer obvious.!! Thus, we restrict
our analysis to the case of perfect foresight with one—time unanticipated shocks that
may be auto—correlated as examined in Ghironi (2006), Kilponen and Ripatti (2006),
and Kilponen, Kinnunen and Ripatti (2006). In a perfect—foresight setting, all as-
sets including the one—period bond must yield the same return. As a result some
very difficult (and as yet unsolved) problems regarding asset valuation can be side
stepped.

This paper is put together as follows. In Section two, we describe the model
employed in this analysis. Then, Section three discusses the nature of our stationary
population under different demographic structures. We show that the natural rate
of interest is quite different among the different demographic setups. In Section four,
we show the impulse responses and show that shocks indeed have different impacts on
different households and the demographic structure does alter the size of responses
to shocks by changing the trade—off between substitution and income effects. Finally,

Section five concludes.

2.2 Literature Review

Although money has been an important research agenda in the overlapping genera-

tions model introduced by Samuelson (1958),'? very little research has paid attention

1 One solution is to use a discount factor that is a weighted average of the marginal utility of
wealth of each group of agents with the group weights given by the relative share holdings as

examined in Heathcote and Perri (2004) for foreign and domestic shareholders.

12They are thoroughly summarized in Champ and Freeman (2001).
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to monetary business cycle model or new Keynesian model with heterogenous agents.
Several related researches are as follows.

Williamson (2005) analyzes monetary policy and resulting distribution in an is-
land economy. Furthermore, Doepke and Schneider (2006) show that young borrow-
ers benefit more from inflation than retirees, and inflation can be welfare-enhancing
since it acts like a tax on foreign share holders. Miles (2002), based on the standard
overlapping generations model, has similar interests to ours. Their analyses are, how-
ever, not based on the canonical dynamic new Keynesian model, heavily used among
central banks. Therefore, it is not very easy to derive practical policy prescriptions
directly from those studies.!?

As a large—scale dynamic general equilibrium model used for central bank pro-
jections and policy simulations, Kilponen, Ripatti and Vilmunen (2004) construct a
model with lifecycle behavior as examined in this paper. Yet, their model does not

incorporate monetary policy.

2.3 Model

The model examined here is based on Gertler (1999). We add a sticky price mech-
anism with endogenous capital whose accumulation is subject to an investment ad-
justment cost. This type of the model has been referred to as the “canonical model”
by Edge (2003). We have six agents in this model, namely firms, capital produc-

ers, financial intermediaries, households, a government, and the central bank. As

B3Particularly, Doepke and Schneider (2006) analyze one time shock on inflation, not the system-

atic response of monetary policy to inflation.
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explained above, we limit our analysis to the cases with perfect foresight to avoid

aggregation issues stemming from heterogeneous agents.

2.3.1 Firms

Firms face a cost minimization problem via price setting subject to a Rotemberg

(1982) — type adjustment cost.

Marginal Cost Marginal cost, where there exist two inputs, namely labor L and
capital K, is computed as in Christiano et al. (2005). By denoting real wages by %
and real cost of capital by ¥, each firm j minimizes total costs:

W,
?:Lj’t + TZKKj’t
subject to the standard Cobb—Douglas production technology with capital share

being «,

Yis = [Ziexp (z) Ljg) ™ K5, (1)
where Y is output, Z is deterministic technology growth, and z is a temporary tech-
nology shock. The Lagrangian multiplier of this optimization problem is the real

marginal cost ¢. This is assumed to be symmetric across monopolistically competi-

tive firms:

B VVt l-a f «
e (1—a)Zyexp(z) P, a)

Similarly, real wages and the cost of capital are also defined as follows:

%% o a
—= (1—a)p, [Ziexp (Zt)]l Lj,t Kj,t7 (2)
P,

rE = ap, [Z; exp (zt)]l_a le.;a[q‘f. (3)
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Price Setting Under monopolistic competition and Rotemberg-type adjustment
with a cost parameter ¢ and a target gross inflation rate of unity, each firm sets

prices in order to maximize discounted sum of its period real dividends D:

P, 6 [ Py 2
D., = (1 by Y., — 2 [ 1) VY, 4
gt (1+7) f2) gt — Pl 5 <Pj,t1 > ts (4)

subject to a downward sloping demand curve with elasticity of substitution x:

7 denotes a production subsidy designed to eliminate the distortion stemming from

monopolistic competition:

In a symmetric equilibrium where P;; = P, the first order necessary condition implies

m
k(g —1) =@ (m—1)m + _ﬂ(;,t+1¢ (1 — 1) Tq1 = 0, (5)
0,
where gross inflation rate is defined by
B
T = :
" P

m denotes the pricing kernel used value profits over time. Formally, it is determined
as the weighted marginal utilities of the share holders as shown in Heathcote and

Perri (2004) and Carceles-Poveda and Coen-Pirani (2008):

ov¥ ovyr
mo ¢ =g wwacfw + (1 —w") 861’57“ ,
t t

where (3 is the subjective discount factor, w® is the weight on the workers’ marginal
utility, which is, for example, assumed to be given by the relative share holdings
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in Heathcote and Perri (2004), V' and C' denote recursive utility and consumption
respectively. The superscript w describes a variable that applies to workers, while r
stands for retirees. We do not face the usual complication in aggregation stemming

from heterogeneous agents, since we limit our analysis to the case of perfect foresight.

2.3.2 Capital Producers

Capital producers, who maximize profits under a perfectly competitive market, enter
the current period t with K; units of capital. This is the amount of capital they can
rent to final goods producers in the current period and receive a (nominal) factor
payment of P,r K;. Furthermore, these capital-producing firms have borrowed from
a financial intermediary in this period. The nominal value of these funds is A;, since
Ay is total nominal funds invested by the financial intermediary in period ¢. The
firm pays a gross nominal interest rate RX on these funds. The firm also undertakes
new investment, P,1I;, and borrows the amount A;,; from the financial intermediary.

The firms’ period real profits ITIX are given by

A
K = 2y KK, — 1, — REZL (6)

Firms maximize the sum of profits valued using the pricing kernel displayed above,

subject to the production technology of capital used by firms:

Kii=(1—-8 K, + {1—5 (%)] I, (7)
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where S (+) is the adjustment cost function used in Christiano et al. (2005):'*

2
Iy
(It—l) _[t

0+ +nf La(+a0+n 2|

s (%) (14 2)(1+n)PS

where S” determines the size of this adjustment cost, and is the second derivative
of this adjustment cost function with respect to I;/I;_;. From first order necessary

conditions, we can obtain the equation for rental cost of capital:

Q= e [ (1 =8 +rfL]. ®)

where () is the Lagrange multiplier on the capital formation, whose dynamics are

expressed as

DS (T WP O 0 W I (T (T )
< [1 S(ft—l) S<ft—1> ft—1]+3ﬁ1Qt+ls Iy ) " ®)

Here we have used the definition of the pricing kernel obtained from optimal condition

as

mo,t+1 T4+1
= R; . (10)
Mo, t+1

2.3.3 Financial Intermediaries

Our model also includes financial intermediaries that lend funds to the capital pro-
ducers and holds equity of the final goods producers and the capital producers.

Households can put their money into this financial intermediary and receive a return

14 As shown in Dupor (2001), Carlstrom and Fuerst (2005) and Woodford (2003), realistic empir-
ical properties of this sort of the model, especially in responses to a policy shock, are only obtained

with an investment adjustment cost.
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that is composed of the returns on equities and the funds that are given to the capital

producers. Financial intermediaries maximize their real profits:

A _
e — Rfﬁ+(Pf+Dt>xf+<Pf+Hf>xf

A n (FAEL, + FAL,) _R FAY + FA;
P, P, YR

—F —K

—P,ayy — Py agy, —

where x is the share of the equity, and P is the price of such assets, where superscript
F denotes those of final goods firms while K denotes those of capital producers. From

the first order necessary conditions, we obtain the arbitrage conditions:!

—F
mos  Piy+ D (11)
= = ,
mo,t+1 E;
—K
K
mos P+ (12)
= = ,
mMo,t+1 Et
K
Mot Rt+1
- 9
mMo+1 T41
and
Mot Ry (13)

mMo+1 Tt+1 ’
where we define E as the real amount of equity holdings.!® Since we only conduct
perfect foresight simulations in this paper, all assets produce the same rate of return.

Therefore, portfolio choice is irrelevant as is obvious from the condition below:

—F —K
Py +De Py +1E,  RE, R

F K :
P; Py T41 Tt41

15Gince these arbitrage conditions hold only in the absence of the unexpected shocks, these do
not apply on the initial date when the shock hits the economy. Therefore, we distribute the initial
profits from financial intermediaries between different agents according to their amounts of financial

assets holdings in period zero, namely in the stationary population.

16This equals to the relative price of equities since the share is unity in aggregate.
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2.3.4 Government

The government simply collects a lump—sum tax to subsidize firms in order to elimi-
nate the distortion caused by monopolistic competition. We assume that each agent
faces the same level of the lump sum tax 7. Therefore, the budget constraint which

the government faces is simply
Y = (Ni+ N)) T, (14)

where N denotes the population of workers while N” is that of retirees.

2.3.5 Households

In the life—cycle economy assumed in this model, there are two types of households:

retirees and workers.

Retiree Retirees, denoted by superscript r, who were born at 7 and become retired
at k, are assumed to maximize their recursive utility!” from consumption and leisure
1—L:'8
1 p ;
. L\ U , —v AN
Vtmk _ {[(Ctmk> <1 _ L:Jk) } + By <‘/;:ff> } ,
where p determines the intertemporal elasticity of substitution and v defines the
marginal rate of transformation between consumption and leisure. Since rate of
survival of retirees, specifically his probability of surviving until the next period, is

assumed to be 7, future welfare is discounted by common subjective discount factor

"The functional form is quite similar to the one in Lucas and Stokey (1984), and Epstein and

Zin (1991).

18 A Cobb-Douglas utility function satisfies the balanced growth restriction.
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multiplied with «. This optimization problem is subject to their intertemporal budget

constraint:

By

lrjqziﬁ ]%t 1714:jk Lpt ik ik
— (2 —Lepik _crik T,
’_y Pt +Pt€ t t ty

where F'A is the amount of their financial asset holding and £ € [0, 1] is the relative
marginal product of labor of the retirees to that of workers. It is natural to assume
that retirees receive less compensation than workers.'® The real rate of return is now
% since bequests are distributed among retirees by the life insurance company in

t.20

a perfectly competitive marke From the first order necessary conditions, we can

derive the relationship between consumption and labor supply:

1—v P,
v W,

rjk __ rik
Lt —1_ Ct P

and the consumption Euler equation:

8R < 1 )1P+vp< w, )(lv)p
r T41 Wi

From these equations, we derive the consumption function, in the form of total wealth

1
1—p

Crik, (15)

rik _
Ciy1 =

multiplied by the marginal propensity to consume out of wealth €f:

. R\ ATk . .
Ctrﬂc = .0, (#) % + H:Jk + PTtrjk . (16)
t

9There are other interpretations for £&. It can be considered to reflect the incentive and legal
structure, pension system, the relative labor income tax rate, or the custom taken by firms to reduce

the total personnel expenses.

20In this paper, insurance is perfect within generations, but transitional risk from a worker to a

retiree is uninsurable. For details, see Blanchard (1985) and Yaari (1965).
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By iterating the budget constraint forward, human wealth H can be expressed in a

recursive manner:

i Wi ik YTt ik
HF = et + 5.
t Pt 5 t Rt+1 t+1

Similarly, the present discounted value of lump sum taxes PT, is expressed as

YTi41

PT/% = —T, +
t " R

rik
PTi

We can then derive the dynamic equation for the marginal propensity to consume
(1—v)p

_'U&
€0 £ 1 1 - (W, 1-p
@by =1— ———yR BT ( ) (Wt;) ' an

€t+19t+1

Furthermore, we can find a value function that satisfies the above conditions:

1—v P,

1—v
Vi = (ab) e CFF (TSWt) ' (18)

Workers Workers, denoted by superscript w, who were born at j, maximize their

recursive utility:

v = ([ - o) T s levi + - o ()}

subject to
FAY, FAY W, i :
=R — L7 -7 —T,
Pt t _Pt + .Pt t t ty

where w is the probability that the current worker will remain a worker in the next
period. From the first order necessary conditions, we can derive the relationship

between consumption and labor supply:

1—v P, ;
—C".
v Wt ¢

wj
Lt — -
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and the consumption Euler equation:

() -1y =) )

= BV + (1—w) (V)]

Ry wh (Vm)l ’ (Ct+1)vp71 (1- Lﬁl)(liv)p

HU—w) R (V) () (- )

Then, we guess that the value function takes the form:

wi 1 _aif(1—v P 1
V;szt)ﬂcﬁ( W) , (19)

()

where 6 is the marginal propensity to consume for workers. This leads to the Euler

condition:

i 1, 1 1-v
WO + (L= w) (ern) 7 O (E> (20)

Ry 1= (1)1v ( Wit )v S wj
+ 1— P — C j.
67Tt+1 (w ( @) (eei) § Wi !

As with the case for retirees, we are looking to identify the marginal propensity to

consume out of wealth in the consumption demand:
‘ AYI
CH =6, Rt? + H" 4+ PT" (21)
t

By using the consumption Euler equation and the consumption function, we can

derive a dynamic equation as follows:

t+1

_p_ (v=1)p
1 (PR )1” ( Py VVt+1) =0 wj
= {—1+4+6,+07» Q — 5 H"”
{ ey ( Py Prvt W, b [
(H + ) — (%Li””’ +D:”j> -
t

P 1 a1\ .y
——= (1—-w)(eq1) » (E) EtJrlHtj-l?




where we define
. 1 1—v
lezw+41—wM@H>‘f<‘> ' 22)

This equation holds if

(w=1)
0 . 1 /81+ ( 1 )_L(R )l Ql ) <I/Vt+l) 17pp et (23)
=1 — p 1 ) [ — —_—
' T41 " o Wy 9t+1
wj 1—v r]
Htwj VVth] T Pt+1 HY (1 —w) (Et—|—1)p%1 (1) P Hy
P, Py Ryp1€i 3 P R’
and
: P PT™ a1\ P, PTV
Pt Ry 1941 § P, Ry

If these equations are satisfied, the surmised value function has a solution.

No Life-Cycle Benchmark As a test—case for our model, we first examine the
case where w = 1. With this assumption, workers live forever, and so we delete the
life-cycle aspects of the model. Since this assumption does not affect the behavior
in other sectors, we show just the households’ choice problem. The equilibrium

condition for households are obtained by maximizing the recursive utility as below:

Vi={[(C) =L+ B (i)}’

subject to the standard budget constraint:

FAt+1 FAt Wt
=R —L,—Cy —
2 P + p, e

2.3.6 Monetary Policy
Monetary policy follows a standard Taylor type instrument rule as in Taylor (1993):

0.5 (Y,
Ryp1 = Rss + 1.5m +— (o= — 1] +e, (24)
4 \Y,
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where Rgg is the short-term nominal interest rate in stationary population, Y*' is
the output in the flexible price equilibrium, computed simultaneously by assuming
the absence of nominal rigidities. Since all variables are in quarterly terms, the
coefficient on the output gap is divided by four. As is obvious from the setting of
a Rotemberg—type adjustment cost and this equation, the target level of inflation is

set to zero.

2.3.7 Aggregation

In this subsection, we first summarize the population growth in this model. Then,

we transform equations that define individual behavior into aggregate form.

Population Growth The dynamics of the population of workers are expressed as

follows:

Nt+1 = (1 —W+n) Nt+CUNt

= (1 + n) Nt7
where n is the growth rate of workers, while that of retirees is
N/, =1 —w) Ny +vN;.

Hence, assuming a stationary population, the ratio of the number of retirees to that

of workers remains constant:

N" 1l-w
— =—— =T, 25
N 14+n—-7vy (25)
which means that both the working and retired populations grow at the same rate

n.
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Aggregation If we assume the existence of a non—profit life insurance company
that distributes wealth among retirees, the marginal propensity to consume is equated
across all retirees. Therefore, subscripts 7 and k& in most equations above can be re-
moved. Below, we show the aggregate equilibrium conditions. The law of motion of

assets held by retirees in aggregate is defined by

FAr, FAT W, r
2l _ g Diepr —or — — 4, 2%
2) ) +Pt€ I (26)
FAY Lpt 1
1_ t _Lw_ w o - Y
+( CU) (Rt ]Dt +]Dt t Ct 1+FT t),

where we express the expenses stemming from the lump sum tax by using equations
(14) and (25). Next, we aggregate individual labor supply. This simply involves

multiplying by the population of each category:

1—v P,
LI=TN,—— Yt ¢or 2
t t v é-M/tCt’ (7)
and
1—v P
LY = N, — — . 2
t t v VVtCt (8)

Furthermore, because the population growth rate in each category is (1 4+ n), the

discount rate when computing financial and human wealth also changes. Therefore,

W, VYT t+1
H =—/¢L, +——77——H/, 29
t B§ t (1 + n) Rt+1 t+1 ( )
17 HE i =1 (1)1‘“ Hy 7
H' =—L'+w + (1 —w) (e = .
! P (1+n) Ry ( ) (ee1) § (1+n) Rip1q
(30)
Similarly, we can rewrite the present discounted values for the lump sum tax:
I 1 YTe+1
Pl =——8o«——Y,+———PT} 31
t 1+ Tr_1 t+(1+n)Rt+1 t+1> (31)
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and

1 1 PTE

PTY = —— " Yitw
¢ 1+T's—1 ! (1+n)Rt+1Qt+1

e [T\ PTY T4
1— T + .
=) (6n) ( ) (1+n) Riy1Qa

§
(32)

Market Clearing Finally, applying the market clearing conditions, the financial

market equilibrium is

FAY FA] A
t-‘rl; t+1 — Etfil + Etfil + ;+1. (33)
t t
The labor market clearing condition is
Ly = Ly + &L, (34)

and the goods market clearing condition, namely the resource constraint, is expressed
as

Y, = Cl +CF + L. (35)

System of Equations The system of equations consists of structural equations:?!

(1), (2), (3), (4), (5), (6), (7), (8), (9), (10), (11), (12), (13), (16), (17), (18), (19),
(21), (22), (23), (24), (26), (27), (28), (29), (30), (31), (32), (33), (34), (35), and their
counterparts in a flexible equilibrium, that are computed by excluding nominal rigid-
ity and therefore equation (24). Since we assume both deterministic technology and
population growth, endogenous variables are de-trended: C, D, F, H, I, K, PT,Y, 11X
are de-trended by ZN; A and F'A is de—trended by ZN P; W is de-trended by ZP;

L is de-trended by N; and V is by Z"N.

21Some are derived before assuming the symmetry of agents and aggregation.
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2.4 Properties under Stationary Population

Parameters in the baseline life—cycle economy are depicted in Table 1. Since the
model is solved with quarterly frequency, parameters are on quarterly terms. In our
baseline life-cycle economy, we assume that people work from age 21 to 65, which
is defined by w, while people remain in retirement from age 66 to 75, defined by -,
based on Auerbach and Kotlikoff (1987). Other parameters which define life-cycle
behavior are exactly the same as those in Gertler (1999) except for newly added
parameters, namely 6, ¢, and S”. Elasticity of substitution among goods @ is set at
the conventional value as calibrated in Smets and Wouters (2003), or Levin, Onatski,
Williams and Williams (2005). The size of the Rotemberg—type adjustment cost ¢
is also set at the conventional value so that on average one—forth of firms change
prices in each period in a linearly observational equivalent specification a la Calvo
(1983).22 The size of investment adjustment cost, S” is taken from the estimated

value in Christiano et al. (2005).

2.4.1 Values under Stationary Population

In this subsection, we study the long—run effects of different demographic structures.
For this purpose, three versions of a stationary population are computed: (i) the base
line life-cycle economy is a younger economy (low ), (ii) an older economy (high =),

and (iii) no life-cycle economy. Concerning demographic differences, individuals’ life

22 Although this value has been thought to be conventional since the seminal research by Bils and
Klenow (2004), recent studies, such as Klenow and Kryvtsov (2008) and Nakamura and Steinsson

(2008), imply slightly shorter implied durations as three quarters.
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Table 1: Parameter values

Parameter Value Description and Definitions

7 5 0/ (0 — 1) is markup

o .25 Intertemporal elasticity of substitution
[0) 60 Price adjustment cost

6] 1.04=25 Subjective discount factor

w 1.023—% Probability of remaining as worker

o) 0.667 Labor share

) 1.122 —1  Capital depreciation rate

p —3 (0—1)/o

v 4 Utility weight on consumption

13 .6 Labor productivity of retirees

v 1.1-2 Probability of remaining as retirees

S” 2.48 Second derivative of adjustment cost
Z 1.019%> — 1 Technology growth rate

n 1.01%25 — 1 Population growth rate

r 0.21 Stationary population ratio of retirees over workers
P, 0.8 Technology shock persistence
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Table 2: Values under stationary population

cly kly R a'J/k 0 e v I

) .70 103 .01 .16 017 .03 .41 .05
i) .70 103 .01 22 014 .02 41 .12

(i) .76 82 .02 — 013 — 37" —

expectancy becomes longer in (ii) older economy. In this economy, individuals retire
at the age of 65 but are supposed to live until 85. To achieve this, the parameter
that determines the probability of remaining as retirees, v, is altered from 1.172° to
1.05725. As a result of this alteration, the ratio workers to retirees I' changes from
0.21 to 0.39. In (iii) no life-cycle economy, all households are symmetric, since they
live infinitely long. An interpretation of this setting is that households can completely
insure their risk of transition from workers and retirees, and are so altruistic that they
consider the welfare of their descendents in their utility functions. Table 2 shows the
values of major endogenous variables in (i) younger economy, (ii) older economy and
(iii) no life-cycle economy, where * shows the variables of the representative agent
in (iii).

First, we contrast the results in a model with heterogenous agents in the in-
complete market setup with homogenous agents in complete market. In the former,
workers need to prepare for the future period in which they become retirees because
their labor productivity is lower than that of workers. Their incentive to save tends

to become higher in this economy. These movements should result in higher capital—
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output ratio, and therefore, real interest rates should be lower in (ii) older economy so
that we can derive the usual results of a life—cycle model, namely dynamic inefficiency
due to too much saving.??

As it turns out, comparing different life—cycle economies yields somewhat counter—
intuitive results. With the same reasoning as above, it seems natural that the capital—
output ratio is higher and real interest rates are lower in (ii) older economy than (i)
younger economy. The results in Table 2, however, show the opposite albeit slightly.
The capital output ratio is 10.2684 in (i) and 10.2677 in (ii) while real interest rates
are 0.008478 in (i) and 0.008480 in (ii). Yet, this is not a puzzle at all, if we under-
stand the labor supply of the retirees. The longer life expectancy in retirees has two
different effects, namely an increase in worker’s marginal disutility for further saving
and the retiree’s marginal disutility for further reduction in leisure. As explained
above, workers try to save more to prepare for longer retirement period. On the
other hand, retirees need to work more even though their labor productivity is lower
to maintain an optimized level of consumption. If the former dominates, real interest
rates fall even in the economy where retirees have longer life expectancy. In this ex-
ample, the latter dominates the former. Labor supply of retirees rises so much that
workers accumulate less capital in (ii). This result that younger people save less in a
economy where retiree’s life expectancy is longer does, however, not hold generally.

Under some parameter settings, real interest rates indeed become lower in a greyer

23 Comparison of marginal propsensity to consume and labor supply between life-cycle economies
and no life-cycle economy is not trivial since we need to compute average marginal propensity to

consume and labor supply of workers and retirees in life-cycle economies.

32



society, which is consistent with the conventional wisdom as the second point raised
by Bean (2004) in introduction. Thus, it is of great importance for a central bank to
take demographic structure into account, since the natural rate of interest should be
quite different across different demographic settings. We will check the sensitivity
of our results in long—run properties model in the next subsection. Concerning the
marginal propensity to consume, those of both workers and retirees decrease in (ii)

because life expectancy increases.

2.4.2 Long—Run Properties under Alternative Demographic Structure

We next explore how the above results change when we assume alternative demo-
graphic structures by altering fundamental structural parameters, v, and £. Figure
1 shows how effects on retiree’s labor supply and real interest rates change as v is
varied from 1.27925 to 1.0257%25, Accordingly, the horizontal axis shows the average
retirement years. Furthermore, values in shaded region coincide with those in (i)
younger economy. As explained in the above subsection, the labor supply of retirees
increases, as life expectancy grows. The relationship between the worker’s saving and
life expectancy is, however, not monotonic. While the average length of retirement
is below 10 years, real interest rates fall, as consistent with conventional views. On
the other hand, the length becomes longer than 10 years, real interest rates rise due
to much higher labor participation by retirees.

How does the relative labor productivity of retirees to workers change due to
movements in the stationary population? To answer this question, we compute the

stationary population for ¢ being 0.4 to 1.0 as shown in Figure 2. As the labor pro-
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Figure 1: Long-run effects of average life expectancy
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Figure 2: Long-run effects of labor productivity of retirees
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ductivity becomes higher, retirees tend to work longer since they can receive more
compensation per unit of labor supply. Furthermore, this implies that workers be-
come less worried about becoming retirees and less productive. Hence, they consume
more and save less. This results in higher real interest rates as the relative productiv-
ity of workers increases. Another intriguing result from this exercise is that retiree’s
labor supply is much lower than that of workers, even though there is no difference
in labor productivity between workers and retirees, namely the economy is at the far
right in the horizontal axis. In this situation, the only intrinsic difference between
workers and retirees is the subjective discount factor. The fact that retirees have a
lower subjective discount factor makes the marginal propensity to consume higher
for retirees than for workers. Therefore, even if the labor productivity is the same
across workers and retirees, retirees choose to consume more and to have additional
leisure than increase labor supply.

We will check how above different demographic structures may alter the dynamic
properties, namely the degree of amplification of impulse responses in the next sec-

tion.

2.5 Dynamic Properties

In this section, we answer the two major questions raised in this paper, namely
whether the structural shocks to the economy have asymmetric effects on workers
and retirees and whether the considerations of life—cycle and demographic structure

alter the dynamic properties of the solution. For this aim, we first analyze the im-
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pulse responses to a level technology shock. Then, we investigate the transmission
mechanism of a monetary policy shock. The reason why we choose these two shocks
is that a technology shock can possibly have asymmetric effects on workers and re-
tirees through the difference in labor productivity, while a positive shock on nominal
interest rates may enhance the welfare of retirees since they rely more on financial

assets.

2.5.1 Technology Shock

In this subsection, we study the impulse responses to a positive technology shock.
First, we show impulse responses in (iii) no life-cycle economy as a benchmark.?*
Then, we compare these benchmark responses with those obtained in (i) younger
economy and (ii) older economy. Finally, we demonstrate the shifts in impulse re-
sponses as the life expectancy of retirees becomes longer and their relative produc-

tivity becomes higher.

Benchmark: No Life—Cycle Economy The thick black lines in Figure 3 show
the impulse responses to a shock to the level of technology in (iii) no life-cycle
economy. A shock to the level of technology naturally increases the level of output,
consumption and investment. Since the investment adjustment cost is embedded in
the model, the response of investment is hump shaped. As the marginal cost becomes

smaller due to the positive technology shock, the inflation rate and nominal interest

24This is because the model in this paper differs from the standard model in utility specification.

There have been very few researches on the new Keynesian model with a recursive utility.
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Figure 3: Responses to a technology shock in no life-cycle economy
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rates are decreased.

Furthermore, as emphasized in Gali (1999) and Gali and Rabanal (2004), a shock
to the level of technology reduces the labor supply due to the sticky price mechanism
embedded in this model. Since monetary policy does not fully offset the distortion
caused by varying the markup, the ability for a full increase in output reflecting
the shock which expands the production frontier is limited. Therefore, a technology
shock reduces labor supply in this model. The response of the real wage seems
somewhat puzzling. The real wage decreases after a positive technology shock. This,
however, is not puzzling at all. In a baseline case, after a level technology shock
hits the economy, the existence of the Rotemberg—type price adjustment cost makes
final goods’ producers increase the markup and therefore, lower the marginal cost.
The effect of the lowered marginal cost dominates the increase in technology itself.
Therefore, as the labor demand curve shifts in, the real wage is reduced right after a
shock hits the economy. Thin dotted lines show the responses when the Rotemberg—
type price adjustment cost ¢ is reduced by one-fifth of that in the baseline case.?
In this case, lowered price adjustment cost makes the markup less variable. Hence, a
positive technology shock raises the real wage immediately. As consistent with theory,
both labor supply and the real wage increase when the price is flexible as depicted
by thin solid lines. Whether real wage decreases after the positive technology shock
depends also on the investment adjustment cost. When monetary policy cannot fully
accommodate shocks to technology, firms react by reducing their inputs mainly via

labor demand since they face an investment adjustment cost. Thus, the leftward

25 As a result, 50% of firms can change prices in each period.
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shift of the labor demand becomes more significant when the investment adjustment

cost is higher.?6

Societal Aging Effects Here, we compare the responses in two life—cycle economies
so that we can understand how the societal aging influences the time—properties of
the economy. Then, we further investigate how shocks can have asymmetric effects
on workers and retirees, respectively.

Figure 4 shows the responses to a technology shock in life-cycle economies. The
thin lines demonstrate those in (i) younger economy and dotted lines show those in
(ii) older economy. Overall, responses in life-cycle economies are similar to those
obtained in the economy with homogeneous agents. There are, however, a few in-
triguing differences. First, a level technology shock has quite different effects on
workers and retirees and hence, there could exist a welfare trade—off between work-
ers and retirees when stabilizing the economy. Second, consumption in retirees shows
much more of an increase in (ii) older economy. As a result, responses in (ii) older
economy become more similar to those in (iii) no life-cycle economy.

On the first point, the responses of workers are both quantitatively and quali-
tatively quite different from those of retirees. For example, both responses of con-
sumption and labor supply are much smaller especially in (i) younger economy, while

consumption of workers increases right after a positive technology shock,?” that of

26 This implies that introduction of habit persistence or labor adjustment cost will alter responses
as shown in Vigfusson (2004). Furthermore, if sticky wage a la Erceg et al. (2000) is included, we

will not see an immediate decrease in real wage.

2TTnitial decrease is due to the decrease in labor supply and real wage that are explained in the
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Figure 4: Responses to a technology shock in life-cycle economies
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retirees is almost unchanged except for the initial period due to the theoretically con-
sistent distribution of initial profits. Since retirees are less productive than workers,
their labor supply is much smaller than those of workers, as shown in the previ-
ous section. Therefore, the gain from higher technology affects workers more than
retirees.

Concerning the second point, comparing the responses between in (i) younger
economy and in (ii) older economy leads us to notice that differences between workers
and retirees become smaller in (ii) older life—cycle economy. As shown in previous
section, in (i) older economy, retirees need to increase their labor supply to maintain
optimal level of consumption. Thus, as life expectancy grows, retirees work more
and therefore, retirees can enjoy the benefit of higher technology as much as workers
can. Consequently, responses in (ii) older life—cycle economy becomes more similar

to those in (iii) no life—cycle economy.

Sensitivity Analysis Here, we show how different demographic setups affect the

responses to a technology shock.

Life Expectancy of Retirees Figure 5 shows the shifts in impulse responses
to a level technology shock, as the life expectancy of retirees becomes longer. The
thicker the line becomes, the longer the life expectancy of the retirees becomes. By
“lines becoming thicker” we mean movements from the dashed line to the thin solid

line and then to the thick solid line. There, 2.5y means that average life-expectancy

previous subsection.
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Figure 5: Responses to a technology shock as retiree’s life expectancy becomes longer

of retirees is 2.5 years. With shorter life expectancy, retirees rely more on income
from returns on financial assets. Therefore, retirees do not alter consumption as
well as leisure significantly. Reflecting these developments in retirees, workers can
receive most of the benefits from higher technology. Since they do not have to
prepare seriously for the life after retirement, they save (invest) less and therefore
can enjoy huge welfare gain. On the other hand, the responses of aggregate output
and the inflation rate become much larger as the retirees’ labor supply in stationary

population increase due to longer life expectancy as shown in Figure 1.

42



Nominal Interest Rate

0.1(
0\\\\\\\ I )

o1 fr--- 0.4

-0.2
-0.3

0.6 (base)

—— ()

-0.4
0 4 8 12 16 20

Consumption (Workers)

Output

1
0.8
0.6
0.4

0.2

O\\\\\\\\\\\\\\\\\\\\\
0 4 8 12 16 20

Consumption (Retirees)

-0.05

-0.15

-0.25

Inflation Rate

4 8 12 16 20

Labor Supply (Workers)

0
-0.1

0.05
[
-0.2
0

0.25 0.08 0.05
0.2 /‘\ 0.06 0
0.15 0.04 -0.05
0.1 0.02 0.1
0.05 0 -0.15
0 ] T Y} ,002 _02
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20
Labor Supply (Retirees) Real Wage Investment
0.1 0.8 0.6
0.6 0.5
0.05
0.4 0.4
0 0.2 0.3
0 (I O T T 02
-0.05
02 / 0.1
0.1 0.4 o J L T Y
0 4 8 12 16 20 0 4 8 12 16 20 0 4 8 12 16 20

Figure 6: Responses to a technology shock as retiree’s labor productivity becomes

higher

Productivity of Retirees Figure 6 shows the responses as the relative labor
productivity of retirees to workers changes. This time, the thicker the line becomes,
the more productive the retirees become. Since there are no significant shifts in
values in the stationary population as seen in Figure 2, different settings only result

in minor differences for most variables. Yet, as the retirees become more productive,

the difference between workers and retirees becomes smaller.
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2.5.2 Monetary Policy Shock

In this subsection, we study the impulse responses to a monetary policy shock. First,
we show the impulse responses in (iii) no life-cycle economy as a benchmark. Then,
we compare this benchmark responses with those obtained in (i) younger economy
and (ii) older economy. Finally, we demonstrate shifts in impulse responses as the
life expectancy of retirees becomes longer and their relative productivity becomes

higher.

Benchmark: No Life-Cycle Economy The impulse responses to a monetary
policy shock in (iii) no life-cycle economy are shown in Figure 7. In this paper,
we assume that the monetary policy shock is not serially correlated. A tightening
shock reduces investment, consumption, and output via higher real interest rates.
The decrease in output necessitates the reduction on inputs. Therefore, the real
wage and eventually the marginal cost also fall. Consequently, we see a deflation

after a positive shock to nominal interest rates.

Societal Aging Effects Figure 8 below compares the responses to a monetary
policy shock in two life—cycle economies. As in Figure 4, the thin lines demonstrate
those of (i) younger economy and dotted lines show those of (ii) older economy.
Similarly to the case with a positive technology shock, responses of retirees are
quite different from those of workers. Since retirees rely more on financial assets
accumulated when they were workers, they mostly increase their consumption and

leisure after a positive monetary tightening shock. In other words, income effects
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Figure 7: Responses to a monetary policy shock in no life-cycle economy
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Figure 8: Responses to a

monetary policy shock in life-cycle economies
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from an increase in nominal interest rates dominate substitution effects for retirees.
This implies that a central bank may face a severe policy trade—off: If the central
bank cares more about retirees, or if monetary policy is determined mainly through
opinions of older people because of their bargaining power in politics over younger
people, there may be a bias towards higher nominal interest rates.?®

Again, in (ii) older economy, differences between workers and retirees become
smaller. Due to higher labor supply to maintain optimal level of consumption by
retirees, they become more similar to workers. As a result, a tightening monetary
policy shock has much larger negative effects on the macroeconomy as a whole.
Below, we will see how the effectiveness of a surprise in monetary policy can change

as the demographic structure is altered.

Sensitivity Analysis We here demonstrate how the life expectancy and produc-

tivity of retirees may change the responses to a monetary policy shock.

Life Expectancy of Retirees Figure 10 demonstrates the responses to a mon-
etary policy shock when the life expectancy of retirees becomes longer. As shown in
Figure 1, labor supply of retirees is the smallest when the average life expectancy
of retirees is only 2.5 years. In this case, since retirees hardly rely on their labor
income but instead on the returns from financial assets, the consumption of retirees
mostly increases while labor supply is even reduced. Yet, as societal aging deepens,

although income effect becomes stronger for retirees, that of workers becomes weaker.

28 A stochastic welfare analysis is thus very interesting. The aggregation problem for the appro-

priate pricing kernel makes stochastic analysis not very trivial. This is left for our future research.
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Figure 9: Responses to a monetary policy shock as retiree’s life expectancy becomes

longer
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Figure 10: Responses to a monetary policy shock as retiree’s labor productivity

Hence, in aggregate, a tightening monetary policy shock still has negative impacts
on the aggregate demand. Even though retiree’s consumption increases, worker’s

consumption or the investment needs to be lowered since there is no expansion in

Productivity of Retirees Figure 9 below demonstrates the responses with
changing labor productivity of retirees. With lower relative productivity of retirees,

their labor supply in stationary population is very small as show in Figure 2. There-



fore, consumption of retirees mostly increases due to an increase in nominal interest
rates. A positive shock on nominal interest rates increases the income from financial
assets holdings for retirees, so they reduce labor supply. Therefore, retirees can enjoy

leisure the most when their labor productivity is the lowest.

2.6 Conclusion

In this paper, we construct a dynamic new Keynesian life-cycle model based on
Gertler (1999). Considering the fact that very little research has paid attention to
monetary business cycle model or new Keynesian model with heterogenous agents,
the contribution of this paper is to analyze the effects of societal aging on the conducts
of monetary policy. Findings in this chapter are summarized as follows.

We show that it is of great importance for a central bank to consider the de-
mographics for sound monetary policy. First, the natural rate of interest differs as
demographics change. Second, the structural shocks to the economy have asymmet-
ric effects on heterogeneous agents, namely workers and retirees. Differences in the
labor productivity between workers and retirees make a positive technology shock en-
hance the worker’s but decrease the retiree’s welfare. Furthermore, due to the higher
reliance on financial assets, retirees become better off with a positive shock on nom-
inal interest rates. This, especially, implies that a central bank may face a severe
policy trade—off. If the central bank cares more about retirees, or if monetary policy
is determined mainly through opinions of older people because of their bargaining

power in politics over younger people, there may be a bias towards higher nominal
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interest rates. Yet, even though societal aging deepens, in aggregate, a tightening
monetary policy shock still has negative impacts on the aggregate demand since
worker’s consumption or the investment need to be lowered while consumption of
retirees increase. Finally, the demographic structure changes the dynamic properties
of the solution, namely the degree of amplification in the impulse responses. The less
retirees work under stationary population, the less volatile macroeconomic variables
are against shocks. Under such circumstances, a positive technology shock does not
increase retiree’s labor supply and so the negative effects from a positive monetary
policy shock are alleviated by an increase in retiree’s consumption.

In particular, the latter two points are very relevant to the recent economy de-
velopments in Japan, where the total population is expected to start decreasing and
baby boomers are to retire en masse around 2007. Depending on whether retirees
continue to work or not, macroeconomic responses to shocks could be dramatically
changed in the foreseeable future. Not only could the effects unanticipated changes
in monetary policy change but also a positive monetary policy shock may even tem-

porarily increase output and inflation.
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3 Re-thinking Price Stability in an Economy with
Endogenous Firm Entry: Real Imperfections un-

der Product Variety

3.1 Introduction

Reflecting growing interests in understanding the role of firm heterogeneity or en-
dogenous variety in international trades as the seminal research by Melitz (2003)
represents, macroeconomists also start considering consequences of incorporating
firm dynamics into dynamic stochastic general equilibrium models. As noted in Bil-
biie, Ghironi and Melitz (2007), the standard assumption in a widely used monetary
business cycle model, as well summarized in Walsh (2003) and Woodford (2003),
that monopolistically competitive firms can maintain positive profits without new
entry should be considered unrealistic.?’

In this paper, we inquire into the price stability in an economy with such endoge-
nous firm entry. Usually, studies using the new Keynesian model without considering
the firm dynamics recommend central banks to completely stabilize the marginal cost
and thus the inflation of producer prices. Furthermore, it is usually shown that the
optimal inflation rate is zero, especially if the central bank can credibly commit to

their policy.®® Whether such a policy for aiming at price stability as above remain

29Usually, it is assumed that firms continuously exist within the unit mass between 0 and 1.

30With cost push shock, the central bank faces trade-offs. We will show some studies against price

stability in next section. Furthermore, inflation bias arises when the central bank is discretionary.
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valid even under product variety is an intriguing question. First, as Broda (2004)
claims, “Measuring price changes accurately is central to the macroeconomic analy-
sis used in conducting monetary policy. Various forms of bias in the consumer price
index (CPI) have been documented in recent years, but a new form of bias tied to the
introduction of new goods has only recently been explored empirically. Estimates of
the ‘new goods’ bias suggest that CPI inflation has an upward bias of 0.3 percentage
point.” That is, under endogenous firm entry, welfare-based CPI inflation becomes
different from the inflation based on the producer prices. Thus, the central bank
may be able to enhance social welfare by targeting the welfare-based price index,
contrary to the case with the standard new Keynesian model without any product
variety. Second, the optimal inflation rate may not be zero under firm dynamics. It
still remains true that stabilizing marginal cost eliminates the inefficiency stemming
from fluctuating markups, but, at the same time, non—zero inflation may increase the
number of varieties, that produces higher utility, reflecting more profit opportunities.
Therefore, a very interesting trade—off on price stability can exist when firm freely
enter to and exit from the market. Yet, interestingly, Bilbiie, Ghironi and Melitz
(2006, 2007) and Bergin and Corsetti (2005) show that even under endogenous firm
entry, monetary policy that aims at marginal cost pricing, namely the cross—sectional

average inflation targeting, remains desirable and the optimal inflation rate is zero.3!

31 Bergin and Corsetti (2005) and Bilbiie et al. (2007) call the producer price index (PPI) and
consumer price index (CPI). Former corresponds to the cross-sectional average price index. and
the latter is the welfare-based price index. As you will see, since the Rotemberg (1982) type of

adjustment cost is employed, there is no cross dispersion of prices. However, I feel the naming of
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The contribution of this paper is in examining whether keeping the cross sectional
average inflation at zero still remains optimal under more general settings than in
Bilbiie, Ghironi and Melitz (2006, 2007) and Bergin and Corsetti (2005), and obtain
new policy prescriptions which is quite different from those in the past studies. We
suppose a situation with imperfect knowledge on the natural rate of interest and
under the distorted steady state. The reasons why these two new features can yield
different policy prescription are as follows.

Why is the prescription obtained with the standard new Keynesian model still
valid even under endogenous firm entry? First, it may come from the assumption
of central banks’ knowledge on the natural rate of interest, namely the Vicksellian
interest rate. The actual implementation of monetary policy usually relies on some
instrument rules. Hence, accurate knowledge of the natural rate of interest is nec-
essary for the conduct of optimal monetary policy. The natural rate of interest is
determined by the growth rate of the real marginal utility out of consumption, that
is denominated by the welfare—based price index. Therefore, if the natural rate of
interest is assumed to be perfectly known even under endogenous firm entry as in
Bergin and Corsetti (2005) and Bilbiie, Ghironi and Melitz (2006, 2007), it is quite
natural to recommend central banks to stabilize the cross—sectional average inflation.

The situation of perfect knowledge of the natural rate of interest, however, seems

PPI and CPI somehow misleading. There exist CPI indices all over the world, but none reflects the
number of varieties. The index is computed as the average across different goods. Furthermore,
the naming of average inflation seems also confusing with historical average inflation as in Nessen

and Vestin (2005)
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rather unrealistic.?> We evaluate the usefulness of welfare-based inflation targeting
when the natural rate of interest is unknown to central banks.

Second, it is debatable whether the fiscal policy to eliminate real imperfections
is available. Although not focused in the previous researches in this area, a very
intriguing point is that endogenous entry causes real imperfections, a concept that
introduced by Blanchard and Gali (2007), if appropriate fiscal policy is unavailable.
Reflecting fluctuations in the number of varieties, the gap between the natural (flex-
ible) and the efficient (Pareto optimal) level of output is no longer constant and
variant to shocks.*® For example, Bergin and Corsetti (2005) implicitly state this
point as “However, the allocation in a flexible price equilibrium will not be in gen-
eral Pareto optimal. There are three distortions in our economy: monopoly power
in production, under or oversupply of varieties, and nominal rigidities. Correcting
the first two distortions requires an appropriate set of taxes and subsidies. Only if
these are in place, can monetary policy be effective in targeting the efficient alloca-
tion.” Similarly, Bilbiie, Ghironi and Melitz (2006) summarize the types of distor-
tions in a flexible price model with endogenous variety. In addition to the standard

34

markup intertemporal dispersion®® emerging even without nominal rigidity,*® there

exist “markup intra—temporal dispersion” and “non—synchronization of consumer

32Gee, for example, Orphanides and Williams (2002).
33For the definition of the natural and efficient output, see Chapter 6 of Woodford (2003).

34This and monetary policy on this distortion are well summarized in Walsh (2003) or Woodford

(2003).

35This is coming from the endogenous elasticity of substitution stemming, for example, from the

translog preference as in Feenstra (2003).
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surplus and profit destruction.” Although we know how to tackle the first distortion
by monetary policy, whether monetary policy can completely ignore the latter two
distortions is not a trivial question. For example, Blanchard and Gali (2007) argue
that “We focus on one such real imperfection, namely real wage rigidities. When the
baseline new Keynesian model is extended to allow for real wage rigidities, the divine
coincidence disappears, and central banks indeed face a trade—off between stabilizing
inflation and the welfare-relevant output gap.” Previous studies, such as Bergin and
Corsetti (2005) and Bilbiie, Ghironi and Melitz (2006, 2007), conclude that central
banks should not target welfare-based inflation, that even contains information on
the number of variety, but the cross—sectional average inflation. This is because they
ignore the trade—off by assuming an appropriate fiscal policy. In a realistic econ-
omy, however, it is impossible to distinguish the natural the level of output from the
efficient one. Furthermore, Bilbiie et al. (2006) note that “Importantly, since the
wedges between the PO (Pareto Optimal) and CE (Competitive Equilibrium) are
state—contingent, optimal policies aimed at closing these wedges will also be state
contingent.” Yet, a state contingent fiscal policy with non—distortional tax is rarely
available. It seems more realistic to assume that central banks aim at stabilize the
welfare-relevant output gap, namely the gap between the actual and the efficient
output, instead of the conventional output gap, namely the gap between actual and
natural output. In that case, monetary policy targeting the welfare—based inflation
may increase welfare through incomplete stabilization of markups. As we will see,
real imperfections imply that inflation rates in the second best economy should not

be fixed and non—zero. Therefore, lack of stabilization of the cross—sectional average
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inflation may result in higher welfare by using inflation as a tax to control the op-
timal number of firms. Thus, following Blanchard and Gali (2007), we analyze the
case when the central bank is the only institution to mitigate all distortions.

Thus, we re-think price stability in an economy with endogenous firm entry. We
first demonstrate that the endogenous entry causes real imperfections. Reflecting
fluctuations in the number of varieties, the gap between the natural and the efficient
level of output is no longer constant and variant to shocks. As a result, central
banks face a trade—off between stabilizing inflation and welfare-relevant output gap.
Then, we show that this results in the non—zero optimal rate of inflation. We further
examine whether welfare can be enhanced by targeting the welfare—based inflation
instead of the cross—sectional average inflation, contrary to the findings in Bergin and
Corsetti (2005) and Bilbiie, Ghironi and Melitz (2006, 2007), in two cases, namely
when the natural rate of interest is unknown and the non-stochastic steady states
are distorted. Simulations even with such distortions, however, support the cross—
sectional average inflation targeting. Although incomplete stabilization enhances
welfare in an economy when agents cannot internalize the externality on the love for
variety,?® there only exists small gains by referring also to the welfare-based inflation.

The rest of the paper is structured as follows. In Section 2, we show our model
used for evaluating price stability under endogenous firm entry. Then, Section 3
provides that an economy with endogenous variety indeed contains real imperfections

when the appropriate fiscal policy is not available. Section 4 discusses price stability

36Implications of externalities including this type on the dynamic general equilibrium models are

thoroughly analyzed in Kim (2004).
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under endogenous firm entry. Three main results will be shown there. First, the
optimal inflation rate under endogenous variety is usually non—zero. By manipulating
inflation rates that act like a tax, central banks can correct sub—optimally high or
low number of firms stemming from inability to endogenize externality.’” Second,
even under the situation where the central bank cannot observe the natural rate of
interest, it is optimal to target the cross—sectional average rather than the welfare—
based inflation. Third, such a policy remains still desirable even when non—stochastic
steady states are distorted, Yet, small gains from incomplete stabilization can be
expected by targeting some weighted average of the cross—sectional average and the
welfare-based inflation. Finally, we summarize our main findings and state several

future directions of research in Section 5.

3.2 Literature Review

As related studies, we first introduce the researches incorporating firm dynamics into
the dynamic stochastic general equilibrium model. Then, we also refer to the studies
that incorporate real imperfections and show the Ramsey optimal inflation rate can
be non-zero.

Empirical studies in trade theory demonstrate strong pro—cyclical behavior of net
producer entry, that cannot be explained without firm dynamics. Therefore, a model,
that has more realistic assumption about firm dynamics and can explain the observed

role of extensive margin in business cycles, is wanted. Among several researches in

371t is assumed in this paper that there is no market for trading externality as supposed in Coase

(1960).
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line with this motivation, Bilbiie, Ghironi and Melitz (2005) inquire into the nature
of a dynamic stochastic general equilibrium model with free entry and show that the
performance of such models evaluated by the implied second moment properties are
at least as good as the traditional model with fixed number of varieties. Bilbiie et
al. (2006), on the other hand, analyze normative implication of endogenous variety.
They recommend policy institutions to preserve the optimal amount of monopoly
profits when firm entry is costly. Marginal cost pricing remains efficient only when
the required sales subsidies are financed with the optimal split of lump—sum taxation
between households and firms. Bilbiie et al. (2007), while summarizing main conclu-
sions from above two papers, further show that inflation can act as a distortionary tax
on firm profits and therefore be harmful to firm’s incentive to create new goods. Sim-
ilarly, Bergin and Corsetti (2005) analytically study the role of stabilization policy
in a model with free entry. They show that monetary policy faces an additional role
of controlling the optimal number of entrants. Their conclusion is, however, that the
optimal monetary policy rule obtained in the dynamic new Keynesian model without
entry remains to be optimal even under endogenous variety. Monetary policy that
aims at marginal cost pricing, namely the cross—sectional average inflation targeting,
remains desirable. On the other hand, reflecting recent actual increase in varieties,
Broda (2004) concludes that “Measuring price changes accurately is central to the
macroeconomic analysis used in conducting monetary policy. Various forms of bias
in the consumer price index (CPI) have been documented in recent years, but a new
form of bias tied to the introduction of new goods has only recently been explored

empirically. Estimates of the ‘new goods’ bias suggest that CPI inflation has an
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upward bias of 0.3 percentage point.”

As will be seen, we provide the optimality of the non—zero inflation targeting
under the Ramsey planner. This result is indeed coming from real imperfections
introduced by Blanchard and Gali (2007), the story here is very much analogous to
trade—offs analyzed in Faia and Monacelli (2007) under the financial market imper-
fections and in Faia (2006) under the labor market frictions, and in open economies
where “when financial markets are incomplete, and when there is only partial pass—
through from exchange rate to prices” as summarized in Rogoff (2006). Furthermore,
from the perspective of inability in endogenizing the externality, results in this pa-
per are also very much related to Ljungqvist and Uhlig (2000) and Choudhary and
Levine (2006). Both show higher tax rate is optimal since agents cannot internalize
the externality stemming from external habit, namely the catching up with Joneses

type preference.

3.3 Model

The model used in this paper is based on Bilbiie, Ghironi and Melitz (2005, 2006,
and 2007). We examine cases with three different preferences,*® namely CES pref-

erence of Dixit and Stiglitz (1977), that of Benassy (1996), and translog preference

38This can be treated as the production function rather than preferences. Under this specification,
however, increased range of intermediate goods shows up as increasing returns to specialization. As
there exist empirical problems concerning increasing returns to specialization and CES production
function, we treat this as preference. For details on this point, see footnote 22 in Bilbiie et al.

(2006).
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of Feenstra (2003). The first preference is abbreviated as the CES DS preference in
this paper. Elasticity of substitution and benefit of additional products under these
three specifications are first shown in this section. Then, we derive the equilibrium
conditions in three cases, namely under (monopolistically) competitive equilibrium,

the Pareto optimal equilibrium, and the Ramsey policy.

3.3.1 Preferences

Since the form of the CES DS nests on the CES preference as in Benassy (1996),

we will only show the functions under CES and translog preferences.

CES The aggregator (utility function) is expressed as follows:
e— b Ny L1 Q;EI
Ct — Nt =1 [/ Ct (h) e dh‘| 5 (36)
0

where h denotes the index for goods, C' is the consumption, and N is the number
of varieties. By minimizing the expenditure under the certain level of aggregate

consumption, we can obtain the Hicksian demand function:

. = N [HI) T, 37

Substituting (37) into (36), the welfare-based price index is derived as the expendi-

ture function:
1

¢ N -0
P, =N l / Pt(h)”’dh] . (38)

0

As obvious from (38), the price elasticity of demand ( is constant as

ces _ 9Ci(h) P, (h)  0Olog[C; (h)]
t T 0P, (h)Ci(h) OloglP; (h)]

—9. (39)
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Hence, the markup under the flexible price equilibrium?® is also constant as

CES £ 0
W= oms 1T g1 (40)

t
Under the symmetric equilibrium, the benefit of additional product variety p is de-

rived as

P
pres = I _ e (41)
t

and this can be also represented in the elasticity form as e:

op, Ny p)
CES _ YPt iVt t
€ = = =N, = 1. 42
t N, p, t t=¢ (42)

(41) and (42) demonstrate that £ is the parameter for the taste for variety as shown in
Benassy (1996). When £ > 1, consumers obtain utility gain from additional variety.
When ¢ = -4, namely the same as the markup as shown below, the preference

0-1’

collapses to the standard CES DS, where the aggregator is defined as

0

N -1

C, = [ C, (h)l‘%dh]

0

Translog Since the explicit form of the utility function cannot be provided, deriva-
tion of elasticity of substitution among goods and benefits from new goods is not
straightforward as shown in Feenstra (2003) in detail. We herewith only show the
results.

Under translog preference, the price elasticity of demand is no more constant as

?L =1 + an (43)

39 As obvious from this equation, flexible price equilibrium is where there is no rigidity on cross-

sectional average inflation rates, or no changes in markup.
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where 7 is the parameter determining the price elasticity, and therefore, the markup

under the flexible price equilibrium is expressed as

TL
P S (44)
t 1 TINt

The benefit of additional product variety now becomes

1 N — N,
TL t
p; " =exp | —=——= , 45

where N is the the total number of goods conceivably available, and that in the

elasticity form is given by

1
TL
f— 4
“t 2n N, (46)

3.3.2 Monopolistically Competitive Equilibrium

There are three agents in the economy, namely consumer, firms and the central bank.
The former two agents are optimizing utility and profit respectively. On the other
hand, the central bank sets nominal interest rates according to the Taylor (1993)
type instrument rule. The optimizing central bank is considered under the Ramsey

problem.

Consumer The representative consumer maximizes the life time welfare Wel f as

W@lft = Utllt + ﬂEtWelftH, (47)

where [ is the subjective discount factor and Util is the instantaneous utility in the

iso—elastic form as

oo hH%
Util, = —4— — y— 48
Uy 1 s Xl + éa ( )
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where h is the hours worked, o is the relative risk aversion, ¢ is the Frisch elasticity
of labor supply and y determines the size of the steady state labor supply. The

maximization is subject to the nominal budget constraint:

B V. , B D, +V, |44
;_;:1 + FiNH,thtJrl +Cy = (1+14-1) ?z + (tT%t)Ntxt + ?tthta (49)

where B is the nominal debt, V' is the value of the firm, namely the stock price, Ng
is the firms already existing at time ¢, x is the share of holdings of such a stock,
t denotes the short—term nominal interest rate set by the central bank, D is the
nominal dividend and W is the nominal wage. In aggregate, naturally, B = 0 and
rz=1.

First order necessary conditions are

C;G - )\t7 (50)
Xhta = A\wy, (51)
A1 (1 + 1)
A = BE, S W) 52
t ﬁ t 1 + ﬂ_thrl ( )
)\tvtNH,t = 5Et)\t+1 (dt+1 + thrl) Nt+1, (53)
where we define
Wy = —M/t
t Pt )
D,
d = =t
t BJ
.
t — ]Dt,
P Pi—1
14 7% = 1+m), 54
t -Pt—l ,Ot ( t) ( )
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and

1+7Tt:&.

Pt—1
7 is the cross—sectional average inflation rate while 7¢ is the welfare-based inflation

rate. In this paper, we assume the exogenous destruction of firms as*’

Nt — (1 - (5) (Nt—l + NE,t—l) . (55)

Therefore, 6 x 100% of existing firms are assumed to exit from the market every
period. By using (55) and, by definition,

Npy= Ny + Ngy, (56)

where Np is the firm which enter the market at time ¢, we can rewrite (53) as

A
Vg = (1 — 6) ﬁEt%l (dt+1 + Ut+1) . (57)
t

Furthermore, under the assumption of the symmetric equilibrium,

Cy + v Ngy = wihy + dy Ny, (58)

where we again use (56).

Firm Each firm in the monopolistically competitive market maximizes the value
of the firm, namely

(% -+ dt,

subject to the demand y” being equal to the supply y:

Yt :ytD

40 As will be discussed in the conclusion, the analysis under the endogenous firm destruction is

our next research agenda.
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where the value of the firms can be represented as the present discounted value of
profit (dividend) by using pricing kernel:

w=E) [(1-04 )\t+ldt+1a

A
t=0 t

the profit is subject to the Rotemberg (1982) type price adjustment cost:

2
p kD p
dy = ?iytD — wihy — ) <—t - 1> —tyD (59)

the linear production function:

Yo = Zihy, (60)

and the demand condition from the monopolistic competition:

e =Gy
t

where PAC' is the resource used for costly price changes:

2
K Dt Pt p
PAC, = N, =N—-—|— -1 =
t tpacy t5 (pt_l ) P, Yy

Therefore, we can first obtain the first order necessary condition through the maxi-

mization with respect to h:

Wy

MC; = 7 (61)
Since the individual price can be expressed as
pe = uMCL P,
(61) is transformed into
% =Py Zut%- (62)
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i is the markup under the nominal rigidity and obtained by maximizing the value

of the firm with respect to p:

¢
He = K, 2 t 1-2 T"% N ’
(€= 1) (1= 5m) + & [m (L4 m) = (1= 6) BB mi (1+ i)
(63)
where we use the conditions under the symmetric equilibrium:
Ct —|— PACt P yt thtyt’ (64)
K _ayC
PACt = thact = §7rt)/t s
and
cz:(1—§m>yc (65)

Under symmetric equilibrium, the profit is defined as follows:

1 K Y.<
d=1-——=m) L.
' ( My 27Tt> N (66)

Furthermore, firms that consider entering the market actually enter when the
present discounted value of future profits is larger or at least as much as the fixed
entry cost augmented by the labor income, namely Z fr. As a result, the free entry

condition is derived as follows:

w
ifE7t = Ut. (67)

Monetary Policy First, we assume that the central bank sets the short—term
nominal interest rate with the target level of inflation being zero. We will conduct
several simulations using very simple instrument rules except for cases under the
Ramsey policy planner where the steady state inflation rate is non-zero. We examine
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two cases when the central banks know the natural (Vicksellian) rate of interest and
not, with two possible references, namely the cross—sectional average and the welfare—
based inflation rate. Therefore, in total, we examine four simple instrument rules as
follows.

When the natural rate of interest is unknown, if the central bank targets the

cross—sectional average inflation rate,

i = %ﬂ + am, (68)

and if it targets the welfare—based inflation rate,

. 1=
1 = TB + OéEtTI'tC_VH. (69)

Welfare-based inflation rates that refer to the predetermined variable, namely the
current number of firms (varieties), cannot be stabilized completely by central banks
at the time when the shock hits the economy. Therefore, we employ the forecast
based inflation targeting instrument rule when the central bank aims to stabilize
the welfare-based inflation. On the other hand, when the natural rate of interest,
defined as the real interest rate in the flexible price economy to be consistent with

* _C*
)\tﬂt+1

o 1, is known, if the central bank targets the cross—sectional
t4

(52), namely

average inflation rate,

, AT )
i = | Bi—="——1) 4+ am, (70)
( BN
and if it targets the welfare—based inflation rate,
ANl
it = (Et tﬂ::+1 — 1) + ()éEt7TtC+1. (7].)
BN
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Since we only consider cases with complete stabilization, « is set to be very large. As a

result, monetary policy with (70) produces the flexible price equilibrium allocation.*!

Monopolistically Competitive Equilibrium A (monopolistically) competitive

equilibrium model consists of 10 equations in Table 3.4?

Monopolistically Competitive Flexible Price Equilibrium Under the flex-
ible price equilibrium, above monopolistically competitive equilibrium model is re-

duced to the system of 7 equations in Table 4.

3.3.3 Pareto Optimal Allocation

Social planner maximizes household utility as defined in (47) and (48) by acknowl-
edging the fixed entry cost. Asshown in the resource constraint in (64), the aggregate

production function is now expressed as
Y: = ZiNiphy. (72)

The social welfare being consistent with that of the representative consumer in (47)
and (48) is optimized subject to (72) and (MCEFT), the condition that determines
the firm dynamics. From the first order conditions, we can obtain the intra—temporal

optimality condition for labor:

C%p (Nt) Zy = Xht;a (73)

41 The flexible price equilibrium in this paper shows the economy where there is no nominal

rigidities on cross-sectional average inflation or no markup fluctuations.

42Since the number of the firm is the only endogenous state variable, the model can be summarized

to just a single equation.
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Table 3: Monopolistically competitive equilibrium model

(MCE1):
(MCE2):
(MCE3):
(MCEA):

(MCES5):

(MCES6):

(MCET):

(MCER):

(MCE9):

(MCE10):

¢, =6 or 14+ nN; from (39) or (43)

=Ntor exp( 1N Nt) from (41) or (45)

1
l1—0o hl+$

Util, = Clt 5 — X7+ from (48)
©

W@lft = Utllt + BEtWGth+1 from (47)

1—%7r?+1) N1 et

= -0y m 3 [T |
from (62), (67), (66), (65), (50) and (57)

xhi = C; "Zt from (50), (62) and (51)

— Zihyg Ch
Niy1=(1-9) |:Nt 5 m} from (62), (55),

(66), (67), (65) and (35)

_ ¢y
/‘L - _ ko
t (thl)(lfgw?)+x |:7rt(1+7rt)7(176)ﬂEt 1i§27_"%i1 N]:filwt+1(l+71't+1):|
from (63)
G — L from (50), (52), and (54)

BE:C, t+1 LB t+1

c*
+ QT g, ﬁ + aEﬂrtH, (Et Bﬂt“ — 1) + amy or

(Et /\é;tﬂ — 1> + aE;md, from (68), (69), (70) or (71)
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Table 4: Monopolistically competitive flexible price equilibrium model

(MCEF1): (,=60or1+nN,

(MCEF2): p, = N5 or exp (—%N:Nt>
14

(MCEF3): Util, = S~ — X

> XTI
1—0o 1+(p

(MCEF4) Welft = Utllt + 6EtW€lft+1

_ c e _
(MCEF5): pt%f}i,t = (1 — 6) BB, L [ 1 Ciy1 + pt+1Ct+111fE,t+1

Cr % | Sty Neta Cet

(MCEFS6):  xh{ = C; " Zyp,“—

(MCEFT7): N1 = (1-96) (Nt 4 Zihy L)

fEt pifE

the intertemporal optimality condition for consumption:

—0 -0 €
Ct fE,tPt - (1 - 5) ﬂEtCtH (fE,t+1pt+1 + C1t+1 ]\;:11> ) (74)
+

and firm dynamics:

Tet  pufES

(75)

Zih C,
Nt+1:(1—6)<Nt+ Ak i >

The model under the Pareto optimal allocations is now expressed as in Table 5.

3.3.4 Ramsey Policy

The allocations and prices under the Ramsey optimal monetary policy*® can be
obtained by maximizing the social welfare defined in (47) and (48) subject to 9

equations consisting of (MCE1) to (MCE9). Such a problem is solved by maximizing

43For the details of the Ramsey policy computed here, see Levin, Onatski, Williams and Williams

(2005) and Christiano, Motto and Rostagno (2007b).
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Table 5: Pareto optimal model

(PO1): (,=0or1+nN,

L1
<p

_Xi

70

(PO2): Nt or exp< %

(PO3): Util, =

(PO4) Welft = Utllt + ﬁEtWBthJrl

(POS): Oy fap, = (1= ) BEC (fras1pros + Cua 3t ) from (74)
(PO6):  xhy = C;°Zp, from (73)
(POT): Ny =(1-9) (Nt + Zthtt - %) from (75)

(PO8): er=&—1or ﬁ from (42) or (46)

with respect to all the endogenous variables in the monopolistically competitive
model including the short—term nominal interest rate controlled by monetary policy.
Then, we can derive 10 new optimality conditions, most of which are those for
Lagrangian multipliers on (MCE1) to (MCE9). We used the code working under
the Dynare for the Ramsey policy routine used in Levin and Lopez-Salido (2003)

and Levin et al. (2005).

3.3.5 Allocations under Fixed Labor

To focus on particular distortions, we will examine the case with fixed labor supply.
In that case, h is constant and set to be unity, while the optimality conditions such

as (MCE6), (MCEF6) and (PO6) are eliminated.
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Table 6: Parameters

Parameter Value Description and Definitions

0 3.8 Elasticity of substitution among goods
1S 1.1,20r 0/0 —1 Taste for variety

n 0.35323 Parameter for translog preference

16} 0.99 Subjective discount factor

o 0.025 Exogenous exit rate

N 100 Total number of goods conceivably available
o 1 Intertemporal elasticity of substitution
© 1 Frisch elasticity

K 7 Rotemberg adjustment cost

X 0.924272 Utility weight on labor

« 150 Monetary policy parameter

Z 1 Steady state technology level

fE 1 Steady state entry cost

3.3.6 Parameters

We employ the calibrated parameters used in Bilbiie, Ghironi and Melitz (2005, 2006,
2007) except for the newly introduced parameter, the coefficient on the inflation gap
in the instrument rule, that are set to be very large for complete stabilization. They

are set as in Table 6.
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3.4 Real Imperfections

Real imperfections are the concept that is defined by Blanchard and Gali (2007).
Using the terminologies in Blanchard and Gali (2007), the Pareto optimal alloca-
tions and prices are called efficient while those under the flexible price equilibrium
are defined natural. If the gap between the natural and the efficient output is con-
stant, “stabilizing inflation is equivalent to stabilizing the welfare-relevant output
gap.” This implies that if the gap is not constant and affected by monetary policy,
there exist real imperfections where the central bank faces the trade—off between the
stabilizing nominal and real variables.

In a standard new Keynesian model well summarized in Walsh (2003) and Wood-
ford (2003), the difference between the efficient and the natural allocation is always
constant and cannot be controlled by monetary policy through nominal interest rates.
It is optimal for central banks to aim at completely stabilizing inflation rates even
under the distorted steady state when the appropriate fiscal policy is unavailable.*
For example, under the flexible price equilibrium with the CES DS preference, the
iso—elastic utility function in (48), the linear production function as (60), and the
optimality condition for the labor supply, we can obtain the consumption level under

the monopolistically competitive market CMCF:

§—1 141\ e
CMP = (Wzt v) ) (76)

44 Cost push shock can be considered as the source of the real imperfections since it can make the

real variables time-varying through the markup.
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while the counter part in (76) under the Pareto optimal allocation C*© is

1 141\ T
oFo _ (;Zﬁ) | (77)

The log difference between CMYF and CT is always constant as ﬁlog(‘%l).
Furthermore, clearly real interest rates do not have any influence on this difference
since consumption is solely determined by the exogenous state variable.*> Therefore,
irrespective of the economy is at the efficient steady state or not, the central bank
should aim at price stability since there exists no real imperfections in the standard
new Keynesian model without a cost push shock. This property of the standard new
Keynesian model is named as the divine coincidence by Blanchard and Gali (2007).
We will show that this condition does not necessarily hold under the economy with

endogenous variety.

3.4.1 Analytical Comparison

Contrary to the standard new Keynesian model, we can encounter real imperfections
with firm entry. Except for the case with the CES DS preference, the economy
shows real imperfections even only with a single shock that expands production
frontier outwards. Following Bilbiie, Ghironi and Melitz (2006, 2007), we first ex-
plain three distortions that divert allocations under the monopolistically competitive
flexible price equilibrium from those under the social planner’s optimization. Then,
we further show that even under monopolistic competition, if the preference is the

CES DS and the labor supply is fixed, the Pareto optimal allocations coincide with

45(76) and (77) are policy functions.
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those under the monopolistically competitive flexible price equilibrium.

By comparing the equilibrium conditions under the monopolistically competitive
flexible price equilibrium to those under the Pareto efficient allocation, we can find
three differences. The first is the differences in the intra—temporal optimality condi-

tions for the labor supply namely in (MCEF6) and (POG6):
(MCEF6):  xh{ = C; " Zup, S,

(PO6): xhi = C;° Zyp,.

This distortion is coming from the existence of the markup under the monopolisti-
cally competitive flexible price equilibrium. As shown in detail in Bilbiie et al. (2006),
this reflects the different markups for different final products, namely consumption
goods and leisure here. This supports the finding in Lerner (1934) that “If the social
degree of monopoly is the same for all final products there is no monopolistic alter-
ation from the optimum at all.” Intuitively, due to the differences in markups, some
goods are consumed at sub—optimally high level while others are at sub—optimally
low level. Therefore, differences in markup naturally cause the welfare loss. We call
this “markup intra—temporal dispersion.”

Other two distortions can be found in the intertemporal optimality conditions,

namely between (MCEF5) and (PO5) together with (PO8):

C, -1
[L -~ +pt+1<t§—1fE,t+1]

c +
Ct+1 Nt+1 t+1

—0c
t+1
—0o

Ct

(MCEF5): = fiy = (1 - 6) BE;

(PO5) with (PO8): Gy frup, = (1 — 6) BECLE, (CM £l fE,thtH) or

(1-6) BECpy (Ot+1m + fE,t+1pt+1>
As formally derived in Bilbiie et al. (2006), both allocations coincide!® when markup

46 This is at least true for the non-stochastic steady state and dynamics in the linearized system.
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is synchronized over time and across goods!” and the consumer surplus and profit
destruction effects are balanced. Bilbiie et al. (2006) term the former distortion as
“markup intertemporal distortion” and the latter as “non—synchronization of con-
sumer surplus and profit destruction.” As is obvious from (39), these two conditions
are satisfied when the preference is the CES DS, namely when the parameter of
the taste for variety is equal to the markup. Intuitively, this implies that the gains
from additional utility from another new goods is the same as the firm’s incentive
to obtain profit by creating a new product. As we will see, if the former is larger
(smaller), the economy ends up with sub—optimally low (high) number of firms.
Therefore, unless the preference is the CES DS and the labor is fixed, there
exists a wedge between the allocations under the monopolistically competitive flexible
price equilibrium and the Pareto optimal equilibrium. The economy under firm
dynamics can produce real imperfections. This gap can be time—varying and affected

by monetary policy.

3.4.2 Numerical Comparison

In this subsection, we first examine the case under exogenous labor supply to focus
on the role of two distortions, namely markup intertemporal distortion and non—
synchronization of consumer surplus and profit destruction. We will compare the
paths from three preference specifications, namely the CES in Benassy (1996), the
CES_DS and the translog, in four situations, namely, under the Pareto optimal,

the Ramsey optimal, the flexible price, and the welfare-based inflation stabilized

4TFor details, see footnote 18 of Bilbiie et al. (2006).
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Figure 11: Productivity gain

allocations. The third one is the outcomes under the monopolistically competitive
flexible price equilibrium or the monopolistically competitive equilibrium when the
instrument rule is (70). The last allocation is computed under the monopolistically
competitive equilibrium with monetary policy as (71). Since the only endogenous
state variable considered in this paper is the number of firms, we only show its
dynamics. We examine both productivity and efficiency gains as shocks with au-
tocorrelation of 0.9. As shown in Corsetti, Martin and Pesenti (2007), the former
has direct effects on the marginal cost while the latter has indirect effects on the
aggregate price index through the number of varieties. We examine both shocks to

obtain robust results irrespective of shock nature.

Exogenous Labor Supply Figure 11 shows the level responses of the number of
firms for the positive productivity gains, namely the standard positive TFP shock.

Upper charts show the responses in the log level while lower charts demonstrate the
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(log) differences from the Pareto optimum equilibrium. There are several intriguing
findings. First, if the taste for variety is larger (smaller) than the markup, there
exist too few (many) firms or sub-optimally low (high) numbers of varieties in the
economy. Mathematically, this can be understood by comparing the intertemporal
optimality conditions as in the previous subsection. This is due to inability of agents
to internalize the externality stemming from more variety. For example, although
the utility gain from additional variety is very large when the taste for variety is high,
due to the constant markup on the consumer goods, sub—optimally low number of
firms only find it optimal to enter the market. Second, with the translog preference,
the number of firms is sub—optimally high in the competitive equilibrium. Bilbiie et
al. (2006) explain this as “The benefit of variety is only half the net markup for any
N, so the competitive equilibrium features a sub—optimally high number of firms.”
Third, when the preference is the CES DS, as explained in the previous subsection,
the Pareto optimal allocations coincide with those under the monopolistically com-
petitive equilibrium and therefore those under the Ramsey optimal policy. Hence,
it is optimal for the central bank to completely stabilize the cross—sectional aver-
age inflation since the divine coincidence applies to this economy. Fourth and most
importantly, except for the case with the CES DS preference, the Ramsey policy al-
locations are different from those under the flexible price equilibrium. Furthermore,
the gap between the latter and the Pareto optimal allocation is time-varying. Since
the steady states under the Ramsey policy are different from the complete inflation
stabilization cases, it is not trivial which of the two targeting schemes, namely the

cross—sectional average inflation or the welfare—based inflation targeting, is superior,
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Figure 12: (Negative) Efficiency gain

by just comparing the impulse responses to those under the Ramsey policy. At least,
we can, however, state that the central bank faces a trade—off from additional dis-
tortions that cannot be completely eliminated only by stabilizing the cross—sectional
average inflation rate. We will inquire into this more carefully in the next section.
Responses for the negative efficiency gains for entry, namely an increase in the
entry cost, are shown in Figure 12. Almost similar results are obtained with this case.
Depending on the preferences, the number of firms can be sub—optimally high or low

and there exists real imperfections except for the case with the CES DS preference.

Endogenous Labor Supply Here, to solely focus on the markup intra—temporal
distortion, we only experiment the case with the CES DS preference. Figure 13
demonstrates the responses for both productivity and efficiency gains. The important
finding here is that even when there is an additional distortion and the gap between

the Pareto optimal equilibrium and the competitive equilibrium is time-varying,
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Figure 13: Endogenous labor supply

responses under the Ramsey monetary policy is exactly the same as those under
the flexible price. The markup intra—temporal distortion itself does not imply real
imperfections at all for monetary policy. This is what Bergin and Corsetti (2005)
describe as “lack of stabilization is surely detrimental to welfare.” Hence, as the
endogenous labor itself is not very intriguing for re-thinking price stability even
under the distorted steady states, we will concentrate on the outcomes with the

fixed labor supply in the analyses below.

3.5 Price Stability under Firm Entry

So far, we have seen that real imperfections likely occur in an economy with firm
entry. Hence, monetary policy should play an additional role other than the cross—

sectional average inflation stabilization. Now, we are to scrutinize price stability
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in an economy with endogenous firm entry. First, we will show the optimal rate
of inflation in an economy with endogenous variety under distorted non—stochastic
steady states. Then, we would like to challenge the conclusion by Bergin and Corsetti
(2005) and Bilbiie et al. (2007) that central banks should aim to stabilize the cross—
sectional average inflation rather than the welfare-based inflation rate from several
different perspectives, namely from inability to monitor the natural rate of interest,
and from the distorted non—stochastic steady states stemming from unavailability of

appropriate fiscal policy.

3.5.1 Optimal Rate of Inflation

Impulse responses in the previous section show that the steady states of the Ramsey
optimal allocation are different from those under zero inflation steady states. This
suggests that the optimal rate of inflation should be non-zero.*® The optimal infla-
tion rates for three intriguing cases, namely with preferences except for the CES DS,
examined in the previous section are summarized as in the Table 7. The results show
that when the number of firms is sub—optimally high (low), the optimal inflation rate
in the second—best economy is positive (negative). The mechanism that yields the

non—zero optimal level of inflation in this paper is quite different from the classical

48 Possibly non-zero optimal inflation rate under the economy with firm entry without fiscal rem-
edy is not a new idea. It is mentioned already mentioned in Bilbiie et al. (2007) that “The (Ramsey)
optimal rate of inflation would be non-zero in a second-best environment in which lump-sum in-
struments are unavailable. The monetary authority would trade the welfare cost of inflation against
the welfare costs of markup variation coming from both a time-varying elasticity of substitution

and the misalignment of the benefit of extra variety with the profit incentive provided by markup.”
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Table 7: Optimal inflation rate

CES (¢ =1.1) CES ({ =2) Translog

0.64% -1.5% 0.26%

argument of inflation bias stemming from the discretion by the central bank. In this
paper, the optimal non—zero inflation rate is obtained in a situation where the central
bank can make credible commitment. Furthermore, even under the commitment, it
is different from the one in Khan, King and Wolman (2003). Khan et al. (2003)
incorporate the costly exchange of wealth for consumption and obtain non—zero op-
timal inflation rate as a result of tension between relative price distortions stemming
from Calvo (1983) and the Friedman (1969) rule.

Let us first concentrate on the positive optimal inflation rate. The basic reason
for this is that, as mentioned in Bilbiie et al. (2007), inflation acts like a tax on firm
profits. (MCET) clearly shows that the number of varieties becomes smaller when
inflation rates are also higher. This becomes more evident if we look into (66). In
this setting of the Rotemberg type adjustment cost, any positive inflation results in
decrease in firm profits.*® Thus, in a situation where inflation turns out to be costs on
profit, the steady state inflation is used as an instrument by the central bank to close

the gap between the Pareto and the Ramsey optimal allocation. The central bank

49Note that if firms acknowledge the trend inflation and pay no cost in the price changes according
to the trend inflation, the optimal inflation remains zero. Hence, the optimal rate of inflation
becomes closer to zero if we employ such pricing mechanisms as endogenous contracts duration in

Levin and Yun (2007) or endogenous indexation in Mash (2007).
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trade the welfare cost of inflation against that of markup variations stemming from
the misalignment of the benefit of extra variety with the profit incentives provided by
the markup. Basically the model in this paper can be summarized in two equations
as (MCE5) and (MCET) in the monopolistically competitive equilibrium or (PO5)
and (PO7) under the Pareto optimal allocations. The steady state values for the

number of variety and consumption in the former are now expressed as

-1

and
K o 1 6 ¢
C = (1——27) [N ~1 5 6N] , (79)

while those for the latter are

[ 1-(1-96p8 s 1
V=g heesn o) (80)
and
- §
C =N-1 - ——N¢, (81)

1—-9¢
where we substitute steady state benefits of additional product variety under the
CES preference. Clearly, with the CES DS preference, zero inflation results in
the same allocations. With the CES preference in Benassy (1996),°° however, if
the Ramsey planner try to decrease the number of firms to the level in the Pareto
optimal allocation by setting positive steady state inflation, it ends up with lower
consumption as shown in (79). Compared to the fiscal prescriptions raised in Bilbiie

et al. (2006) that directly work through (MCEDS) or (78), the term for the allocation

50Gimilar results hold for the case with the translog preference.
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Figure 14: Steady state markup

of resources for costly prices changes in (MCET) or (79) makes the central bank to
face such a trade—off.

The reason for the optimal negative steady state inflation is less obvious, since any
non—zero inflation seems to result in decrease in firm profits and therefore in number
of firms as well as consumption according to (78) and (79). Yet, the negative steady
state inflation increases firm profits and number of firms through the markup in (78).
By eliminating time subscripts in (MCES), we can express the steady state markup

as

0
PO Rl - (-8 fr(l+7)

Figure 14 shows how the steady state markup differ as the steady state inflation
changes. Clearly, there exists asymmetry between positive and negative steady state

inflation rates. The steady state markup always increases as the steady state deflation
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becomes larger. Since this effect through the steady state markup dominates that
through the profit directly, the negative steady state inflation rate can correct the
sub—optimally small number of firms and low consumption.

To summarize, by facing the trade—off between inflation stabilization and the
misalignment of taste for variety and profit incentive, the central bank as the Ramsey
planner chooses some optimal level of steady state inflation. This new role of the
steady state inflation rate is absent in the standard new Keynesian model with fixed
variety. The story here is quite similar to the justification of the positive capital
income tax rate when the asset market is incomplete. As shown by Aiyagari (1995),
agents save more under the Bewley (1977) type economy since they need to prepare
for the uninsured idiosyncratic shocks by self-insurance. As a result, a positive
capital income tax rate reduces the sub—optimally high capital level and is therefore
welfare—enhancing. In our model, the only endogenous state variable is the number
of firms while it is capital in Aiyagari (1995). In both cases, sub—optimally high level
of state variables can become smaller by introducing the tax on profit.

From the perspective of inability in endogenizing the externality, this results can
also be considered analogous to Ljungqvist and Uhlig (2000), Choudhary and Levine
(2006), and Faia (2006). Ljungqvist and Uhlig (2000) and Choudhary and Levine
(2006) show higher tax rate is optimal since agents cannot internalize the externality
stemming from external habit, namely the catching up with Joneses type preference.
Faia (2006) analyze the optimal monetary policy under the matching frictions that
feature a congestion externality.

The analysis in this subsection suggests that it is of great importance for the
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central bank to acknowledge whether the level of the aggregate endogenous state
variables is sub—optimally high or low. Depending on this results, the optimal infla-

tion rate as a tax devise should become quite different.

3.5.2 Cross—sectional Average Inflation versus Welfare—based Inflation

Current consensus view is that monetary policy in an economy with firm dynamics
should also stabilize the cross—sectional average inflation instead of the welfare-based
inflation rate. Bergin and Corsetti (2005) conclude that “the goal of (welfare-based)
CPI stability may not be a good target for policy makers. To the extent that it
is desirable to support a flex price allocation, monetary authorities should stabilize
firms’ marginal costs and product prices, not the CPI. The price level should instead
move freely with entry, providing information about fluctuations in consumption
utils which — given prices— households enjoy.” Similarly, Bilbiie et al. (2007) insist
that “Optimal monetary policy stabilizes producer prices but lets the consumer price
index vary to accommodate changes in the number of available products.” On the
other hand, reflecting the recent increase in varieties found in the data,”® Broda
(2004) concludes that “Measuring price changes accurately is central to the macro-
economic analysis used in conducting monetary policy. Various forms of bias in the
consumer price index (CPI) have been documented in recent years, but a new form
of bias tied to the introduction of new goods has only recently been explored empir-
ically. Estimates of the ‘new goods’ bias suggest that CPI inflation has an upward

bias of 0.3 percentage point.”

I For details in this empirical finding, see Broda and Weinstein (2006).
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What is the source of these different views on monetary policy in an economy
with endogenous variety? There exist two possible explanations for these divergent
views. The first is concerning the actual implementation of monetary policy. What
Bergin and Corsetti (2005) and Bilbiie et al. (2007) recommend when the tax policy is
available to eliminate the real imperfections is that monetary policy should stabilize
markup fluctuations. Although how to implement such a policy through an interest
rate rule is mentioned in Bilbiie et al. (2007), the central bank is assumed to have
complete knowledge about the natural rate of interest, that is the real interest rate
in the flexible price equilibrium. Under such circumstances, it is quite natural that
the central bank should solely stabilize the cross—sectional average inflation rate.
The most important reason why the central bank should possibly target the welfare—
based inflation is to precisely know the pricing kernel, namely the marginal utility
out of consumption denominated by the welfare-based inflation, that determines
the natural rate of interest. Therefore, in the first experiment in this subsection,
we consider the case without any real imperfections in non—stochastic steady states
where the allocations under the social planner coincides with those under competitive
market equilibrium, but the central bank cannot observe the natural rate of interest
completely. That is the case with fixed labor under the CES DS preference where
monetary policy is the sole source of dynamic distortions under the central bank with
incomplete knowledge about the pricing kernel. In this experiment, it is assumed that
the central bank has knowledge only about the steady state real interest rate, that
s (1—0)/0 as in (68) and (69).

The second possibility is on the realistic implementation of the public policy. It
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is mentioned in Bilbiie et al. (2006) that “Importantly, since the wedges between
the PO and CE are state—contingent, optimal policies aimed at closing these wedges
will also be state contingent.” Although some optimal tax policy turns out to be not
state—contingent, realistically it is still questionable whether the fiscal authority can
actually implement such a policy with non—distorting lump sum taxation. There-
fore, in the second experiment, we provide which inflation the central bank should
stabilize, the cross—sectional average inflation versus the welfare-based inflation, by
setting the steady state inflation at its Ramsey optimal level. Welfare-based infla-
tion stabilization means lowering nominal interest rates when the number of firms
increases. Therefore, it does not necessarily imply the control of the optimal number
of firms. Monetary policy targeting welfare-based inflation can, however, increase
welfare through incomplete stabilization. Real imperfections imply that inflation
rates in the second best economy should not be fixed at some targeted level. Infla-
tion rates as a tax can be used by the Ramsey policy planner, namely the central
bank, as a tool to control the number of firms so that the economy becomes closer to
the Pareto optimal situation. Therefore, lack of stabilization of the cross—sectional

average inflation may result in higher welfare.

Efficient Steady States If the central bank cannot observe the natural rate of in-
terest, welfare-based inflation targeting can be welfare—enhancing since the welfare—
based price level contains information on the pricing kernel. As shown in (70), under
the symmetric equilibrium, the optimal interest rate rule in an economy with effi-

cient steady states incorporates the dynamics of welfare-based inflation albeit in the
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Table 8: Welfare comparison

Productivity gain Efficiency gain

seed T ¢ 7 ¢

1 51.229 51.227 51.204 51.204
2 51.218 51.217 51.211 51.211
3 51.202 51.202 51.222  51.220
4 51.217 51.216 51.211 51.211
5 51.205 51.205 51.220 51.219

flexible price equilibrium. Therefore, (69),%% that is the expected welfare-based infla-
tion targeting rule to be consistent with the stochastic discount factor, can mitigate
real imperfections better than the stabilization policy on the cross—sectional average
inflation as in (68).

First, we compute the welfare as the value in stochastic steady states in a second
order approximated model.”®> The Table 8 shows the welfare in both rules as (68)
and (69) for 100,000 sample in each first five seed in Dynare when the size of one
percentage standard error is given. In all cases examined here, welfare is higher with

the standard stabilization policy on the cross—sectional average inflation rates even

%2 Another possible specification is that including lagged nominal interest rates, usefulness of

which is stressed in Orphanides and Williams (2002).

»3We solve this problem using Dynare. Following Kim and Kim (2007), we approximate all equa-
tions including the welfare measure up to the second order. For details, see Kim, Kim, Schaumburg

and Sims (2003) and Schmitt-Grohé and Uribe (2004).
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Figure 15: Productivity gain

though the natural rate of interest is unknown. Figure 15 shows the responses for
the productivity gain for different instrument rules. Again, upper charts show the
responses in the log level while lower charts demonstrate the (log) differences from
the Pareto optimum equilibrium. Responses under the flexible price equilibrium is
very close to those obtained under the social planner’s optimization. Although a
slight departure from the Pareto optimal equilibrium can be found, for example, in
responses in nominal interest rates, it is minuscule and the departure in the same
direction is much worse under the welfare-based inflation stabilization than under
the cross—sectional average inflation stabilization. Similar results can be observed in
Figure 16. Again, allocations and prices under the flexible price equilibrium are much
closer to those under the social planner’s optimization problem. Yet, lower charts
show that the direction of the log differences from the Pareto optimal allocation
is different in nominal interest rates. This shows a welfare-deteriorating effects of

the strict cross—sectional average inflation targeting in an economy with unknown
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Figure 16: (Negative) Efficiency gain

natural rate, but the gain from further referring to welfare-based inflation is very
minuscule. This result implies that the relative weights on welfare-based inflation,
namely the power 1/(6 — 1) in (54), may be sub—optimally high. As the weight on

the firm dynamics becomes smaller with larger 6 in (54), targeting welfare-based
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ST
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inflation can be more welfare-improving when goods are very much substitutable.

Ramsey Steady State As analyses in previous section show, due to non—zero
steady state inflation, steady states under the Ramsey policy planner are different
from those under both zero inflation stabilization rules. To be able to compare those
responses so that we can learn whether the central bank should target the cross—

sectional average or the welfare-based inflation rate, we alter the instrument rules

in (68) and (69) as follows:
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Figure 17: Productivity gain

and

. 1—
1 = —ﬁ + 70 + o, (71'&_1 — 7TRO)

g

Y

where 7€ is optimal inflation rates under the Ramsey social planner.® The influ-
ential researches on the optimal monetary policy by Benigno and Woodford (2005)
and Schmitt-Grohé and Uribe (2006) recommend the central bank to employ the op-
timal monetary policy around the steady state under the Ramsey policy. Hence, we
evaluate the validity of above two instrument rules by testing which inflation target-
ing rule, namely the cross—sectional average inflation or the welfare-based inflation

targeting, is closer to the pass suggested by the Ramsey policy planner.

CES ({ = 1.1) Figure 17 shows the responses for the productivity gain. Again,
upper charts show the level responses in logs while lower charts demonstrate the

(log) differences from variables under the Pareto optimal policy. Interestingly, infla-

4 Almost no differences are found even if we use the specifications as in (70) and (71).
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tion is not fixed even in the Ramsey policy. This implies real imperfections. Since
a constant markup is derived under the CES preferences, the non—synchronization
of consumer surplus and profit destruction alone makes the central bank to face a
trade—off between stabilizing real and nominal variables. As analyzed in the section
for real imperfections, efficient allocation cannot be achieved since the intertemporal
optimality conditions are different in the social planners problem and in the compet-
itive equilibrium as shown in (MCEF5) and (PO5). Bilbiie et al. (2006) show that
some tax policies can change the relationship in (MCEF5) directly so that it becomes
the same as (PO5). In such a situation, the optimal policy is complete stabilization of
the cross—sectional average inflation rate. The correction of the steady state inflation
here does, however, not have direct effects on intertemporal optimality conditions. It
works through the firms dynamics via profits in (MCES5). Furthermore, we can not
reach the Pareto optimal allocations just by manipulating steady state inflation as
shown in detail in (78) to (81). Hence, central banks makes inflation rates fluctuate so
that it can control the number of firms to be close to the Pareto optimal allocations.
As a result, the Ramsey policy implies the fluctuating inflation. As this is indeed
coming from real imperfections, the story here is very much analogous to trade—offs
analyzed in Faia and Monacelli (2007) under the financial market imperfections and
in Faia (2006) under the labor market frictions, and in open economies where “when
financial markets are incomplete, and when there is only partial pass—through from
exchange rate to prices” as summarized in Rogoff (2006).

More importantly, allocations and prices under the flexible price equilibrium are

more similar to those under the Ramsey planner. Therefore, in accordance with
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Figure 18: (Negative) Efficiency gain

previous researches, a policy aiming at reaching to the flexible price equilibrium is
better in welfare than that to stabilize welfare-based inflation. Yet, at the same time,
movements under the Ramsey policy is somewhere between those under the cross—
sectional average and those under the welfare-based inflation targeting. Similar to

the last case in the analysis above suggests, the weight in the instrument rule, namely

1

77> seems to be too large for welfare-based inflation to be targeted.

Figure 18 shows the responses to the negative efficiency gain. As stated above,
by targeting the cross—sectional average inflation, the economy becomes closer to the
one under the Ramsey policy planner. Central banks may, however, gain by targeting
the weighted average of the cross—sectional average inflation and the welfare—based

inflation rate.

CES (£ =2) The responses in the CES preference when the taste for variety
is high is shown as in Figures 19 and 20. These two charts also support the welfare
dominance of the stabilization policy on the cross—sectional average inflation.
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Figure 20: (Negative) Efficiency gain
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Figure 21: Productivity gain

Translog Figures 21 and 22 are responses under translog preference. Again,
similar to the case with the CES preferences, flexible price allocations and prices are
much more similar to those under the Ramsey policy planner. Yet, there may exist
possible welfare gains from additionally referring to welfare-based inflation.

Results in these experiments under the Ramsey steady states suggest that the
Ramsey policy is almost the same as the cross—sectional average inflation stabiliza-
tion. Yet, central banks may be able to increase welfare by targeting the mixture of
the cross—sectional average inflation and the welfare based inflation rate. Although
the welfare-based inflation stabilization does not necessarily imply the control of
the optimal number of firms, monetary policy referring also to the welfare-based
inflation can, however, increase welfare through incomplete stabilization. Inflation
rates as a tax can be used by the Ramsey policy planner, as a tool to control the
number of firms so that the economy becomes closer to the Pareto optimal situation.

Therefore, lack of stabilization of the cross—sectional average inflation may result in
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Figure 22: (Negative) Efficiency gain

higher welfare. Overall, however, we see that such gains should be very small. As
the weight on the firm dynamics in welfare-based inflation as shown in (54) becomes
smaller with larger 0, the usefulness of the welfare-based inflation targeting could
become larger when the goods are very much substitutable. This is quite natural but
at the same time very ironic result, since with higher 6, the welfare—based inflation

targeting becomes closer to the cross—sectional average inflation targeting.

3.6 Conclusion

In this paper, we re-think price stability in an economy with endogenous firm entry.
The contributions of this paper are summarized as follows.

We first demonstrate that the endogenous entry causes real imperfections in-
troduced in Blanchard and Gali (2007). Reflecting fluctuations in the number of
varieties, the gap between the natural and the efficient level of output is no longer

constant and variant to shocks. As a result, central banks face a trade—off between
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stabilizing inflation and the welfare-relevant output gap. Then, we show that this
results in the non—zero optimal rate of inflation. We further examine whether the
welfare can be enhanced by targeting the welfare-based inflation instead of the cross—
sectional average inflation contrary to the findings in Bergin and Corsetti (2005) and
Bilbiie et al. (2007), in two cases, namely when the natural rate of interest is unknown
and the non-stochastic steady states are distorted. Simulations even with such dis-
tortions as unknown natural rate or no fiscal remedy for efficient non—stochastic
steady states, however, support the cross—sectional average inflation targeting. Al-
though incomplete stabilization enhances welfare in an economy when agents cannot
internalize the externality on the love for variety, there only exists small gains by
referring also to the welfare-based inflation.

Future direction is to extend this research by endogenizing the firm destruction
as examined in Melitz (2003) and Ghironi and Melitz (2005).°> As less productive
firms exit from the market, monetary policy may be able to control the aggregate
productivity by controlling the number of firms via inflation rates. Monetary policy
can have direct effects on aggregate technology. In a discussion on Levin et al. (2005),
it is written that “Justin Wolfers wondered about the possibility of monetary policy
having long—run effects. Specifically, he noted that if the natural rate of unemploy-
ment is itself a function of policy, there could be deep welfare costs.” Furthermore,
Kocherlakota (2007) demonstrates, by using the optimal tax problem under non—

testable assumption about how stochastic shock to the labor-supply curve co—vary

=4 . . . . . . . a1 .
% This extension could result in much more volatile movements in flexible price equilibrium.

Therefore, the trade-off could be more evident.

99



with tax rates, that “a model that fits the available data perfectly may provide worse
answers to policy questions than an alternative” and “this kind of estimation is only
useful if we have reliable a priori evidence about the shock process.” Analyses on
monetary policy under models with endogenous exit may bring us very interesting
implications concerning on the relationship between monetary policy and technology

as above arguments suggest.
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4 Growth Expectation

4.1 Introduction

For a long time, changes in expectations about the future have been thought to be
significant sources of economic fluctuations. For example, Pigou (1926) states that
“while recognizing that the varying expectations of business men may themselves
be in part a psychological reflex of good and bad harvests — while not, indeed, for
the present inquiring how these varying expectations themselves come about — we
conclude definitely that they, and not anything else, constitute the immediate cause
and direct causes or antecedents of industrial fluctuations.” It has, however, been
considered a difficult challenge to create such an expectation—driven cycle, namely

756 in equilibrium business cycle models. Barro and King (1984)

the “Pigou cycle
point out that “With a simple one—capital-good technology, no combination of in-
come effects and shifts to the perceived profitability of investment will yield positive
comovements of output, employment, investment and consumption.” Only recently
have several researchers succeeded in generating the Pigou cycle by balancing the
tension between the wealth effect and the substitution effect stemming from higher
expected future productivity. The pioneering work of Beaudry and Portier (2004)
was the first to generate the Pigou cycle in an equilibrium business cycle model. By
introducing the multi—sectoral adjustment costs, the complementarity between con-

sumption and investment is intensified so that consumption, labor and investment

exhibit comovements reflecting forecast errors. Jaimovich and Rebelo (2006) reduce

%0We follow the terminology used by Beaudry and Portier (2004).
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the wealth effect from the news shock by employing Greenwood et al. (1988)—type
preferences.’” They also increase the substitution effect by introducing investment
growth adjustment costs,”® which were first introduced by Christiano et al. (2005).
They do so in order to generate expectation—driven business cycle. Denhaan and
Kaltenbrunner (2007) use the labor search and matching framework to show that
matching frictions offset reduced labor supply reflecting the wealth effect. Because
high expected productivity induces firms to post more vacancies, both consump-
tion and investment increase in response to positive news about future productivity.
Kobayashi, Nakajima and Inaba (2007) demonstrate that the Pigou cycle can emerge
in a model that incorporates collateral constraints. Good news raises the current
price of land, which relaxes the collateral constraint and reduces the inefficiency in
the labor market. If this effect is sufficiently strong, equilibrium labor supply in-
creases, as do output, investment and consumption. Beaudry, Collard and Portier
(2006) focus on the extensive margin of efficiency, namely technological progress in
the form of the number of newly introduced goods. Anticipation of the arrival of new
goods does not have any wealth effect but does induce investment, which is needed
for the production of such new goods. This creates what authors term “Gold Rush
Fever.”

Christiano, Ilut, Motto and Rostagno (2007, henceforth CIMR) is of particular
interest. First, their work is based on the de facto standard macroeconomic model

used by policy making institutions such as central banks. Currently, many central

5TThey further assume time-non-separable preferences.

"8 For the foundations of investment growth adjustment costs, see Lucca (2007).
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banks construct their core macroeconomic models by following the influential work
of Christiano et al. (2005).”” These models have sufficiently rich dynamics to explain
the trend apparent in data by incorporating investment growth adjustment costs,
habit formation in consumption, sticky prices and wages, and an inflation—targeting
central bank. We know the empirically plausible range of parameter values for this
type of model. Second, the CIMR can explain not only comovements in consumption,
employment and investment, but also “stock market boom—bust cycles,” character-
ized by increases in stock prices relating to high expected levels of future technology.
This is a useful contribution because it implies that strict inflation targeting, which
is the benchmark principle in the implementation of modern monetary policy, risks
generating bubbles.

The research cited has deepened our understanding of the effects of expectations
about future events on current variables. The associated models, however, incorpo-
rate rather unrealistic expectations about the future. That is, they make assumptions
about expectations of the future technology level, not the growth rate.5° In the above
studies, if a positive technology shock is anticipated for the subsequent year, then
the technology growth rate is expected to decrease from that year onwards. The an-
ticipation of a negative growth rate following a positive level technology shock seems

61

unrealistic.”’ For example, professional forecasters usually predict a higher growth

»Gee, for example, Adolfson et al. (2007), Erceg et al. (2006), Smets and Wouters (2003) and

Laxton and Pesenti (2003).

60The assumption about technological process made by Denhaan and Kaltenbrunner (2007) can

be considered a combined assumption about the growth rate and the level of technology.

61With a positive deterministic trend technology growth, the growth rate will not become nega-
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rate, rather than a higher level following news about future technological progress.5

Therefore, in this paper, we also examine the effect of people temporarily anticipate
the higher technology growth rate by using the model employed by CIMR; for this
model, empirically reasonable ranges of parameter values are readily available.® In-
deed, in their seminal research, Beaudry and Portier (2006), who use a structural
VAR with long—run restrictions to identify a news shock as one that affects the stock
price but has no permanent effects on labor productivity, assume an expectation
shock relating to a higher future growth rate of technology. It is shown that such
an expectation—driven cycle is difficult to generate under the assumption of “growth
expectation,” under which there is an expectation of a higher productivity growth
rate. Thus, the Barro and King (1984) conjecture still applies.

This paper is structured as follows. In Section 2, we briefly describe the model
and state the assumption made about technological process. Then, in Section 3,

we present simulation results for growth expectation. We summarize our findings in

tive.

62This is connected to the argument in time-series analyses about whether the time trend is

stochastic or deterministic with stationary shocks around it causing variables to fluctuate.

63In addition to the time-series arguments, recently, it has become more common to assume a
shock to the growth rate rather than to the level. For example, in order to explain the realistic size
of the premium, Bansal and Yaron (2004) introduce the concept of “Long Run Risk.” Aguiar and
Gopinath (2007) show that business cycles in the emerging economies are better explained by trend
shocks than by level shocks. Furthermore, the IS shock in the standard dynamic new Keynesian
model, which is usefully summarized by Walsh (2003) and Woodford (2003) can be considered a

growth rate shock to technology.
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Section 4.

4.2 The Model

Because our model is similar to that of CIMR, we relegate the detailed derivations
of the model, detrending and log—linearization to the appendix. In this section, we
focus on explaining the shock process and how expectation shocks are simulated.%*
The model incorporates continuum of households and firms each within the unit
mass, a central bank and a fiscal authority. The monopolistically competitive equi-
librium in this paper is determined as follows. Households determine optimally the
demand for goods, the supply of capital and the supply of labor in a monopolisti-
cally competitive labor market by choosing the desired wage subject to a Rotemberg

.95 Firms choose the amount of goods to supply by

(1982)-type adjustment cos
setting the desired price in a monopolistically competitive market subject to the
Rotemberg—type adjustment cost. Firms also optimally choose labor demand and
the capital stock. The central bank sets nominal interest rates by following the Tay-

lor (1993)—type rule. The fiscal authority from households the lump—sum tax, which

funds the subsidies that enable households to avoid undersupplies of labor and goods.

64The Matlab code for the simulations used in this paper are available upon request. Fujiwara

and Kang (2006) provides a tool for using Dynare for expectation shocks.

05We use the Rotemberg-type cost instead of a Calvo (1983)-type staggered price settings because
of its analytical tractability, and also because, when using Calvo pricing, one must assume indexation

with possible trend growth. For the latter, see CIMR and Schmitt-Grohé and Uribe (2006).
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4.2.1 Shock Process

The notable feature of the model used in this paper is the assumption about tech-
nological progress. Simulations are conducted based on the standard technology
level shock as well as the technology growth rate shock, represented by the stochas-
tic trend. For the latter, we assume that the trend technology follows the process
described below:

Zy = pexp (ug) Zi-1, (82)

where Z is the trend technology, u is the technology growth shock, and u is the
average growth rate of technology. The technology growth rate shock is further

assumed to follow an AR (1) process:

Ut = Py Ut—1 + Xy t—p T Eurts

where x denotes an expectation shock, which, at period ¢, is anticipated to occur at
period p. Because we do not assume any population growth in this paper, such vari-
ables as output, consumption and capital are denominated by this trend technology.
Hence, the model produces a stationary rational expectation equilibrium, details of
which are shown in the appendix. The standard technology level shock z appears in

the production function for firm j as follows:

Yie = [Zyexp (z) hjg)] @ K

It

where Y is the output, h is hours worked, K is the capital stock, and « is the labor

share. This technology level shock is also assumed to follow an AR (1) process:
2= P21 Xpp—p T Exte (83)
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4.2.2 Expectation Shock

To show how to incorporate an expectation shock, we first explain the general solution

of the rational expectation model. A rational expectation model can be represented

as follows:%6

Bz + oz + @z + ﬁ_oEtStH + ﬂ_lst =0, (84)
and
St = ?81571 + &;. (85)

where variables with overlines are matrices of coefficients, z is the vector of endoge-
nous variables and s is the vector of shocks. The solution that we want to obtain
is
/Z\t = Z/Z\t—l + Est. (86)
By substituting, equations (85) and (86) into (84), we obtain
WA +aA+ag =0, (87)
and, if there exist only trivial solutions,
(8o +@B) P+ (B, + o1 B + agAB) = 0. (88)

Matrix A and B in the solutions to equations (85) and (86) are computed by solving
the equations (87) and (88). Whether we can obtain a unique A depends on the
standard Blanchard and Kahn (1980) condition.

Simulations of expectation shocks can be conducted by making adjustments to

B, and 3, in which case, we can obtain a new B matrix. For simplicity, we consider

06 For the most part, we follow Christiano (2002).
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the case in which there is only a standard technology level shock z in equation (83).
As a simple example, suppose that we receive news that “productivity is raised in
period 2”7 (that is, currently, p=2), but that, come period 2, this news turns out to

be false.®” The above equation is represented in canonical form as follows:

2 p, 0 1 21 €zt
Xzt - 0 00 Xzt—1 + Xzt : (89)
Xzt-1 0 10 0 0

Adding a news shock x, , at period 0 yields

20 p, 0 1 Z_1 0
Xz,O - 0 00 Xz,—l + Xz,O
Xz, -1 0 10 Xz —2 0

Although yx, o does not affect z or Egzi, the shock to technology at period 2 that is

expected in period 0 becomes

) P> 1 op 20
Eol x.o [=] 000 Xz,0
Xz1 0 00 Xz—1
Hence, we have
E022=Xz,07
since
20 = Xz,-1 = 0.

67In the simulations below, we also report results for the case in which the initial guess comes

true.

108



Therefore, the shock to technology at period 2 that is expected in period 0 becomes
X.0- 1f such expectations materialize, then the simulation is conducted by using the
appropriate s vector and ﬁ_(";, ﬁ_’{ and B* as defined below. When period 2 comes,

however, such a positive shock does not occur. This is because x,  is offset by x,

because y, = —ep. These notations are represented by
Z2 P 01 21 5z,2 0
Xz,2 - 0 00 Xz,1 T 0 - 0
Xz1 0 10 Xz,0 0 0

Thus, although we can generate shocks as at period 0 and 1 such that a technology
shock is expected at period 2, it turns out that there is a bubble expectation in
period 2.

The canonical form of the shock process continues to be represented by equation
(85). We must, however, construct a new shock vector s* that incorporates an

expectation shock term x, , as follows:

2t

ol
St o Xz,t
Xz,t—l

We obtain a new 5 and 3} from the original 8, and 3, by adding zero vectors to

the columns corresponding to x,, in S. We can write the new P as



Bi=1610 0 |-
00
and
p. 0 1
Pr=1 10 00
0 10

Then, we compute a new B* matrix from equation (88) by using Christiano (2002).
Thus, impulse responses under an expectation shock are produced by using equations

(85) and (86).

4.3 Simulation Results

First, we examine the case in which there is no nominal rigidity, as is the case with the
real model. Then, we examine the case in which there are price and wage rigidities;

this case generates a stock market boom—bust cycle.

4.3.1 Real Model

As explained in the introduction, in the standard real business cycle model, comove-
ments in consumption, investment and labor hours cannot be generated by a news
shock to future technology. This is because expectations about future new technolo-
gies increases the real rate of return and generate wealth effects. Therefore, if the
wealth effect outweights the effect of the increased real rate of return, consumption

and leisure increase. However, as labor hours decrease, output declines. At the same
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time, investment is reduced because consumption increases and output decreases.
If effect on the expected real rate of return dominates—that is, if the substitution
effect outweights the wealth effect—investment and labor hours increase. Because
productivity has not yet increased, output growth is smaller than that in invest-
ment. Therefore, consumption falls. Thus, in each case, we cannot have positive
comovements in consumption, investment and labor supply.

CIMR can generate positive comovements in consumption, investment and hours
worked from a news shock about future productivity improvements by incorporating
the investment intertemporal adjustment costs and habit formation in consumption.
These are realistic assumptions that are commonly used in dynamic general equilib-
rium modeling of policy experiments by central banks. Intuitively, CIMR first try to
generate increased labor supply by introducing investment growth adjustment costs
through an increased substitution effect, and then they appropriately allocate the
additional output that derives from the increased labor supply between consumption

and investment.

4.3.2 Level Shock

We first reproduce CIMR’s investigation. The shock process anticipated by economic
agents is illustrated Figure 23. A positive one percent technology level shock is
expected to occur at period 4. Because this level shock is assumed to follow an AR
(1) process, the expected growth rate has a spike at period 4 but it is expected to
be negative thereafter as the level shock decays.

The impulse responses for the shock described above are illustrated in Figure 24.
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Figure 23: Level Shock Process

As CIMR found, hours worked, consumption and investment increase for an expected

positive technology level shock.

4.3.3 Growth Shock

It is assumed that agents anticipate a growth rate shock process, as illustrated in
Figure 25. In this case, although it is assumed that growth will eventually cease, it
is anticipated that technology will not return to its previous level. Hence, the wealth
effect is more prevalent in this shock scenario than before.

Figure 26 shows the impulse responses for such a growth rate shock. Because this
figure shows the responses of the detrended variables, variables such as consumption
and investment should be multiplied by the trend technology when the anticipate

shock occurs. Yet, because we are interested in the case in which the anticipated
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Figure 25: Growth Shock Process
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Figure 26: Growth Shock: Real Model

shock fails to materialize, we can ignore the trending problem as there is no change
in the trend growth rate. Analyzing the case in which the shock actually occurs
enables our understanding of the rational expectations formed by agents when they
receive the signal. As expected from the strong wealth effect implied by the shock
process illustrated in Figure 25, consumption and leisure increase.®® Consequently,
labor input and investment are reduced. To generate increased substitution effects,
which operate through increased rates of return, we examine the case in which there
are extremely high investment adjustment costs (larger than those in the baseline
case by a factor 1,000).

Impulse responses in this model are shown in Figure 27. Even with such extremely

8 Consumption and leisure increase even under very high parameter for habit formation. Further

increase in the parameter for habit formation does not change the results qualitatively.
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Figure 27: Growth Shock: Real Model with Very High S”

high adjustment costs, we cannot produce an increase in investment. To reduce
the strength of the wealth effect, rather than use the persistent growth rate shock
assumed in previous exercises, we further examine the case in which there is a one—
off anticipated permanent increase in the level of technology, as shown in Figure 28,
when there are extremely high investment adjustment costs (larger than those in the
baseline case by a factor of 1,000). Impulse responses for this case are illustrated
in Figure 29. The decreased wealth effect and the increased substitution effect from
higher adjustment costs generate comovements in hours worked, consumption and
investment. The most significant finding of the exercises so far is, however, that
comovements only occur for parameter values that are unrealistic given the estimated
obtained from the so—called canonical dynamic general equilibrium models based on

Christiano et al. (2005).
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4.3.4 Extended Model with Nominal Rigidities

Although we generated positive comovements in consumption, investment and work-
ing hours for a positive news shock to new technology, the theoretical stock price
decreases. This seems counter—intuitive, but it can be explained examining the fol-

lowing capital demand and capital supply equations:

T i— - —a pra—
Pyry = ZEt R I (1-9) ' ag, [Zt exp (Zt)]l h‘% K 1> (90)
t+5—1
T It2+1
1 E PK’,tJrlS/ <_t> N

Equation (90) is interpreted as the capital demand function, according to which
households equate the theoretical price of capital to the present discounted value of
future dividends. Equation (91) is the capital supply function. Capital producers
choose the price of capital, represented by the left-hand side, based on the marginal
cost of producing a unit of capital, which is represented by the right-hand side.®’
Figure 30, which illustrates the relationship between equations (90) and (91), clarifies
the dynamic transition of the theoretical capital price from period 0 to period 1.
Economy is at Pk initially. Following the receipt of a positive news shock about
future technology, the capital demand curve shifts upwards because of the expected
increase in dividends; see panel (i). This upward shift of the demand curve is,
however, mitigated by an increase in real interest rates, which are determined by the

intertemporal ratio of the marginal utility from consumption, as shown by panel (ii).

69To be precise, the role of capital producers is played by households in this model. Having capital

producers who are separate from households would, however, make no difference to the analysis.
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Figure 30: Capital Equilibrium

Concerning supply—side developments, increase in investment caused by the positive
news shock raises marginal cost contemporaneously, as in panel (iii); this effect is
represented by the first term on the right—hand side of equation (91). An increase
in current investment, however, reduces the adjustment costs incurred because of
higher investment growth in the future. This is represented by the second term
in equation (91). Therefore, as shown in panel (iv), even though investment in
period 1 increases, the capital supply curve shifts downwards. In the aggregate,
given these demand and supply conditions, the theoretical stock price falls from
Py to Py following a positive expectation shock to productivity. To explain a

stock price bubble in this setting, CIMR incorporate both sticky prices and wages.™

"0In particular, the sticky wage mechanism, introduced by Erceg et al. (2000), has direct effects
on the Pigou cycle. Barro and King (1984) state that “We should stress the result that consumption
and leisure end up moving in the same direction. We always get this result if (i) utility is separable
over time, (ii) consumption and leisure are superior goods, and (iii) the current schedule for labor’s

marginal product does not shift. Changes in prospective conditions end up affecting household’s
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CIMR also adopt the Taylor (1993)-type instrument rule.”™ A positive news shock to
future productivity implies that future marginal costs will be lower. If price setting
is mainly forward looking (that is, incorporates little indexation and imposes few
barriers to the acquisition of new information), then the current inflation rate is
lower. Hence, according to the Taylor—type instrument rule, under which there are
aggressive reactions to inflation developments, nominal as well as real interest rates
are lowered. This shifts the capital demand curve in Figure 30 outwards. As a result,
according to CIMR, a stock price boom can occur after an expectation shock hits

the economy.

Level Shock For the model with nominal rigidities, Figure 31 below shows the
responses for the technology level shock, as did Figure 24 for the real model. As
stated above, the introduction of nominal rigidities and an inflation-targeting central
bank leads lower nominal interest rates, reflecting better future technology, through a
lower inflation rate, to contribute to increasing the stock price. Furthermore, reduced

interest rates and the wage changes, which reflect an increase in the future marginal

total current real expenditure on consumption and leisure. Given time-separable utility, this change
amounts solely to an income effect, which moves consumption and leisure in the same direction if
both goods are superior. Thus, the two goods can move in opposite directions only if there is a
shift in the (schedule for the) current relative price, which is the real wage rate. But we rule this
out by assuming no shift in the schedule for labor’s current marginal product.” The sticky wage

mechanism can alter the real wage rate to reflect future technological improvements.

"1 As shown in the appendix, CIMR assumes a forward-looking Taylor-type rule. This also helps

to generate stock market boom—bust cycles.
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Figure 31: Level Shock: New Keynesian Model

product of labor through the sticky wage mechanism, make comovements in hours
worked, consumption and investment more evident. The sticky wage mechanism
alters the trade—off between consumption and leisure. Because the response of current
inflation to expected events is crucial in generating the stock market boom—bust
cycle, when prices as well as wages are not indexed, the boom-bust cycle is more
evident.

The response of the stock price is minimal. The size of the response seems to
be magnified by having more persistent expectations of future technology growth.

Next, we show that this simply generates outcomes that are less realistic.

Growth Shock Similarly to Figure 26, Figure 32 illustrates impulse responses for
the expected growth rate shock. Similarly to the case of the real model, in this

model, we cannot produce comovements in stock prices, hours worked, consumption
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Figure 32: Growth Shock: New Keynesian Model

and investment. This is because of the strong wealth effect in this economy. Unlike
in the case with of real model illustrated in Figure 26, however, in this model, hours
worked increases. This is consistent with the finding of Barro and King (1984) that
“Thus, the two goods can move in opposite directions only if there is a shift in the
(schedule for the) current relative price, which is the real wage rate.” Because of
the sticky wage mechanism, the real wage rate changes to reflect the increase in the
future marginal product of labor. This raises current real wages and makes leisure
more expensive. The divergence of labor and investment is exacerbated by monetary
tightening, which reflects the increase in the inflation rate following the receipt of
positive news about the future productivity growth rate. We revisit this issue in the
next exercise.

Similarly to Figure 29, Figure 33 shows the responses following a permanent
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Figure 33: Growth Shock: New Keynesian Model with very high S” and p, =0

increase in the technology level shock, when investment intertemporal adjustment
costs are extremely high (100 larger than those in the baseline model). Because
of the high investment growth adjustment costs and the reduced wealth effect, co-
movements in hours worked, consumption and investment are possible. Detrended
consumption declines substantially following the confirmation that the news is true
because investment must increase substantially.

Nevertheless, even if investment growth adjustment costs increase and the wealth
effect is reduced, there will be no stock market boom in this case. As explained
above, this is because inflation rates are higher under growth expectation than when
a technology level shock is expected. This is explained below. It is clear from thin
lines in Figures 32 and 33, that investment must eventually increase following the

permanent positive change in productivity. When investment growth adjustment
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costs are high, agents try to increase investment as soon as they receive the signal.
Yet, because agents know that they will be rich in the future, they would like to
consume more and have more leisure through the wealth effect. To mitigate these
two motives, that is, by increasing both consumption and investment, agents need
to work more hours although they prefer leisure to work. These developments raise
the current marginal cost and therefore inflation rates. Thus, both nominal interest
rates and eventually real interest rates are raised by the central bank following its
Taylor-type instrument rule.”> By contrast, CIMR predict deflation, low interest
rates and an asset price boom, which is more consistent with the data during an

asset price boom.™

"This is similar to the predictions of the canonical new Keynesian model. The output gap,
measured as the deviation from the output at the flexible price equilibrium, increases according to
the Euler equation when there is a shock to the technology growth rate but decreases when there

is a shock is to the level of technology.

T3If we alter the forecast horizon of the news shock, the very short-living expectation—driven
business cycle can materialize with small persistence in the growth rate shock. This is because by
shortening the forecast horizon, the substitution effect to increase the current capital to prepare
for the future increase in the technology becomes stronger, that is, the news shock becomes closer
to the contemporaneous shock. Yet, inflation rates becomes higher initially, that is not very much
consistent with the data. For the analysis on the forecast horizon of the news shocks, see Fujiwara,

Hirose and Shintani (2008b).
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4.4 Conclusion

In this paper, we showed that it is difficult to produce the Pigou cycle, which is
characterized by comovements in hours worked, consumption and investment, in
equilibrium business cycle models that incorporate growth expectation. We found
that empirically implausible values for some parameters are required to generate the
Pigou cycle under growth expectation. Furthermore, we found that generating a
stock market boom—bust cycle, which is a Pigou cycle augmented by a positive reac-
tion of the stock price, is even more difficult. Even if one uses empirically implausible
parameters, it is virtually impossible to get the stock price to react positively to news
of higher future productivity growth. Labor inputs must be increased in the face of
a substantial wealth effect to meet the demand for investment subject to the adjust-
ment costs. This results in higher inflation and, thereby, through the operations of
the inflation—targeting central bank, higher real interest rates. The key mechanism
used by CIMR to generate a stock market boom-bust cycle is an outward shift of
the capital demand curve following a fall in real interest rates. Under growth expec-
tation, because of strong wealth effects, it seems inconceivable that, in the standard
model, one could have both deflation and output growth without an expansion of the
production frontier. Therefore, we conclude that Barro and King’s (1984) predictions
continues to apply.

In future research, we aim to solve the problem of generating the Pigou cycle
from growth expectation by considering the filtering problem in the context of the

permanent components of news shocks, as examined by Edge, Laubach and Williams
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(2007), and in the context of limited information about news shocks, as analyzed by

Sims (2003) and Reis (2006).
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Appendix: Model Derivation

The model consists of four agents, firms, consumers, the central bank and the
fiscal authority.

Firms are assumed to face a cost minimization problem subject to a Rotemberg—
type adjustment cost. The real marginal cost ¢ is derived from the cost minimization
problem when each firm j minimizes its total cost subject to the production tech-

nology by choosing labor inputs h and the capital K, as follows:

Wi

. K
min —hj; + 1, Ky,
hje ke By

subject to

§/j7t = [Zt exXp (Zt) hj’t]l_a Ka

b
where W is the nominal wage, P is the price level and 7 is the cost of capital.
Each firm sets its prices in order to maximize the real dividend D subject to the

Rotemberg—type adjustment cost:

Bjs o (D ’
D:, = (14+7)2L2Y,, — y.__p<4_1) Y,
Jit ( ) J2) Jit ¢t Jit 92 Pj,t—l t

and the downward sloping demand curve stemming from the monopolistic competi-

tion:

where ¢, is the parameter for the Rotemberg—type adjustment cost, 6,, is the elasticity
of substitution among differentiated goods, and 7 is the production subsidy rate. As
is clear from the equation that defines the real dividend, the steady state inflation
rate is assumed to be zero.
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Each household ¢ supplies labor in a monopolistically competitive labor market

and maximizes utility U:

1407,

Ui,t = log (Ci,t - bCi,tfl) - le :fUL;

where b is the parameter for habit formation, 1; determines the size of labor dis—
utility and o, is the Frish elasticity of the labor substitution, subject to the budget

constraint: ™

Bi i1 Biy Wi Cw Lt 2
pn D04 “hig 91— = W
) ] +(1+7w) ,t{ 2 Lexp (ur) Wiz }

+ T'tKKi,t +D;y—Ciy— 1y =Ty,
the capital formation equation, in which the depreciation rate is 6:

I
Kipi1=01-0)K,;;+ ll -5 (L)} Iy,

Iy

where the investment adjustment cost takes the form:

2
It
[t _an <It*1) . It [uexp (ut)]2
S (_It—1> =3 5 T pexp (ug) + s (-

and the downward sloping labor demand stemming from the monopolistically com-

Wi\ ™
hj,t = (W]:) hy,

where B is the nominal debt,”®, R" is the nominal interest rate, I is investment, T

petitive labor market:

" We detrend variables by using equation (82). Therefore, both wage and investment adjustment
costs are affected by the trend growth shock. The results do not change even we exclude the effects

from the growth rate shock on adjustment costs.

75 Aggregate debt, namely B, is set to be zero.
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is a lump-sum tax, 7y is the labor subsidy rate, and ¢, is the parameter for the
Rotemberg-type adjustment cost.
The central bank sets short-term nominal interest rates by following a Taylor—

type rule as follows:

E:P, Y,
R,y = pR+(1—p) lR‘i‘ﬁ(tTHl—l) + 1, (Y—i—1>],
¢ t

where p controls the history dependency of monetary policy, n is the coefficient on
inflation, 7, is that on the output gap and Y'* is aggregate output on a non-stochastic
steady-state growth path.”® The forward-looking monetary policy rule on future
inflation contributes to producing the Pigou cycle because nominal interest rates fall
as the marginal cost is reduced because of expected higher productivity.

The fiscal authority simply collects the lump-sum tax from households and sub-

sidizes monopolistically competitive firms and workers as follows:

1
TY+TW%h :/ Tidi ="1T.
0

A Level Equations

From the first—order conditions and the resource constraint, we obtain a model in 12

7

level equations under the symmetric equilibrium,’” in which the inflation rates is

_h
Py

Uy

"6Therefore, in this paper, the output gap is not the theoretical output gap measured as the

deviation from output at the flexible price equilibrium.

""Both firms and households are assumed to be within the unit mass.
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and the theoretical value of the stock price Pk is the ratio of the Lagrange multiplier

for capital formation to that on the budget constraint:

(L1)  [Zeexp(z) h] " Kp = Co+ I, + 99W1I?)?h & [uexp(ﬂt)wt,l -

+52 (my — 1) [Zyexp (2) ba) ™ K,
12 Hon = (-0 [1-5 (7)) b
o — M — bEfg—55 =0
Ct—bct,1 Ct+1—th 9

(L4) = (1—0a)¢,[Ziexp (2)] b *KP,

P

2
C'w Wt —
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2
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B Detrended Equations

To obtain the equilibrium conditions in terms of nongrowing variables only, we de-

trend variables by using equation (82) as follows:

C I K, ~ W, P,
L L k=, )\t:Zt)\tth:—tuﬂ-t:—tvandﬂ-fV: ;

_7 1y = —
Z, ' Z, Zy 1 P.Z, P Wy

C =
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C Steady States

By eliminating the time subscript, we can obtain the non—stochastic steady states of

13 variables.

(SS1) w=1,
(8s2) V=1,

(SS3) =1,

(S84) =1,

(SS5)  Pgr =1,

(S86) R=¢4,

(S87) K =51+,

(858) w=(1-a) ()

1
@) (1-a)(u—bB) Lt
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D Linearized Equations

The linearized system of equations is as follows, where:

(110)

(111)

(112)

(113)

pl-a <ﬁ>a [(1 —a)z+ (1 - oz)/i\zt + aif\t —auy| — & — iy = 0,
gy + (Et ~ ut) + 4, =0,

(c — %>_2 [—c@t + %EFl — %ut] — Xit

+0B3 (11— b) 2 ¢ (uEiCo1 — b6, + pEgug i) = 0,

—@t%—at—l—(l — )z — ahy + ak, — au, = 0,

~Te =W+ BETe + BEF L + 219, =0,

—B,+oLhy — it —w; =0,

K+ (1—a)Z+ (T —a)h+ (a—1)k + (1 —a)u =0,

~ = = oK B ~
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E Parameters

Calibrated parameters are shown in Table 9. Because the model is solved at quarterly
intervals, the parameters are in quarterly terms.

The parameters are calibrated to the same values used by CIMR, except for ¢,,,
w and S”. Because we use the Rotemberg—type adjustment while Calvo (1983)-type
staggered price setting is assumed by CIMR, we set ¢, and ¢, so that the coefficients
on the output gap and the real wage gap are equal in these two settings.”® For
example, according to Calvo pricing, the linearized new Keynesian Phillips curve,

which is the counterpart to (110), is

(1 _gp) (1 _ﬁép)gg _

; . = 0.
p

—7 + BEm41 +

Because ¢, is assumed to be 0.63 by CIMR, we set ¢, to 27.454. Similarly, we set ¢,
to 199.0819.

Concerning i, although it is straightforward to incorporate trend growth in the
model, we assume an average trend growth rate of zero so that we can examine the
effect of anticipated shocks without having to worry about scaling. However, this
does not affect the results.

For investment growth adjustment costs, we assume a slightly different functional
form from that used by CIMR. Given that the aim of this paper is to determine
whether the expectation—driven business cycle can be generated from empirically

plausible parameters, we instead use the standard functional form for investment

"®Roberts (1995) shows that the linearized versions of the new Keynesian Phillips curve based

on these two assumptions are equivalent.
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Table 9: Parameter values

Parameter Value Description and Definitions

0, 6 6,/ (6, — 1) is the markup in the goods market
O 21 0w/ (6, — 1) is the markup in the labor market
Cp 27.454 The Rotemberg adjustment cost in goods

Cow 199.0819 The Rotemberg adjustment cost in labor

o 0.4 Labor share

b 0.63 Habit formation parameter

6] 1.01358 2%  Subjective discount factor

1 1 The average growth rate

(0 109.82 The level of labor dis-utility

S” 2.48 The level of investment adjustment costs

p 0.81 Coeflicient on the lagged interest rate

n 1.95 Coeflicient on the inflation rate

Ny 0.18 Coeflicient on the output gap

Pu 0.83 AR (1) parameter on the growth shock

0, 0.83 AR (1) parameter on the level shock

P 4 A shock is expected to occur at p
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adjustment costs adopted by Christiano et al. (2005) and Smets and Wouters (2003).

Therefore, S” is set to the estimated value reported in Christiano et al. (2005).
Furthermore, instead of following CIMR in assuming the partial indexation of

prices and wages, we obtain results based on both full-indexation and no indexation.

In the full-indexation case, the Rotemberg—type adjustment cost is written as

2
&( “Pj,t /Pt,1 _1) }/;
2 \ P P

A similar functional form is used for wage adjustment costs.

When the real model is simulated, we choose large values for 0, , 6,, and 7 and
choose values for ¢, and (,, that are close to zero. Furthermore, we alter the monetary
policy rule from one based on the one—period ahead inflation rate to one based on

the current inflation rate.
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