~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Ascari, Guido

Working Paper
Staggered prices and trend inflation: Some nuisances

Bank of Finland Discussion Papers, No. 27/2003

Provided in Cooperation with:
Bank of Finland, Helsinki

Suggested Citation: Ascari, Guido (2003) : Staggered prices and trend inflation: Some nuisances, Bank
of Finland Discussion Papers, No. 27/2003, ISBN 952-462-092-8, Bank of Finland, Helsinki,
https://nbn-resolving.de/urn:nbn:fi:bof-20140807606

This Version is available at:
https://hdl.handle.net/10419/211960

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://nbn-resolving.de/urn:nbn:fi:bof-20140807606%0A
https://hdl.handle.net/10419/211960
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

BANK OF FINLAND
DISCUSSION PAPERS

27 « 2003

Guido Ascari

Research Department
11.11.2003

Staggered prices and trend
inflation: some nuisances

Suomen Pankin keskustelualoitteita
Finlands Banks diskussionsunderlag



Suomen Pankki
Bank of Finland
P.O.Box 160
FIN-00101 HELSINKI
Finland
=® +35891831

http://www.bof.fi



BANK OF FINLAND
DISCUSSION PAPERS

27 2003

Guido Ascari*

Research Department
11.11.2003

Staggered prices and trend inflation:
some nuisances

The views expressed are those of the author and do not necessarily reflect the views of the Bank
of Finland.

I thank Roger Farmer, Jordi Gali, Berthold Herrendorf, Tommaso Monacelli, Neil Rankin,
Tiziano Ropele, Jouko Vilmunen, Juha Tarkka, seminar participants at the Bank of England,
Bank of Finland, 2001 SED Conference in Stockholm, Universidad Carlos III de Madrid,
Catholic University of Milan and University of Milan Bicocca, and the two referees. I also thank
the Bank of Finland for the hospitality provided while this paper was revised. Usual disclaimer
applies.

*  Department of Economics and Quantitative Methods, University of Pavia, Via San
Felice 5, 27100 Italy. Tel. +39-382-606211, Fax +39-382-304226,
E-mail: gascari@eco.unipv.it.

Suomen Pankin keskustelualoitteita
Finlands Banks diskussionsunderlag



http://www.bof.fi

ISBN 952-462-092-8
ISSN 0785-3572

(print)

ISBN 952-462-093-6
ISSN 1456-6184
(online)

Suomen Pankin monistuskeskus
Helsinki 2003



Staggered prices and trend inflation: some nuisances

Bank of Finland Discussion Papers 27/2003

Guido Ascari

Research Department

Abstract

Most of the papers in the sticky-price literature are based on a log-linearization
around the zero inflation steady state, a simplifying but counterfactual
assumption. This paper shows that when trend inflation is considered, both the
long-run and the short-run properties of DGE models based on the Calvo
staggered price model change dramatically. It follows that results obtained by
models log-linearized around a zero inflation steady state are quite misleading.
Furthermore, the same is not true for models based on the Taylor staggered price
model, which is robust to changes in trend inflation. As a conclusion, the Taylor
model is to be preferred, unless one is willing to index nominal variables.

Key words: inflation, staggered price/wages

JEL classification numbers: E24, E32



Hintajaykkyydet ja inflaatiotrendi: eraiti kiusoja
Suomen Pankin keskustelualoitteita 27/2003

Guido Ascari

Tutkimusosasto

Tivistelma

Useimmat hintajdykkyyksid koskevat tutkimukset perustuvat malliin, joka on log-
linearisoitu nollainflaation ympdarill4d. Oletus, ettd inflaation vaihtelut tapahtuvat
nollan ympdrilld, yksinkertaistaa analyysid, mutta on epdrealistinen. Tassa tutki-
muksessa osoitetaan, ettd jos inflaatiotrendi otetaan huomioon, Calvo-sopimuksiin
perustuvien dynaamisten yleisen tasapainon mallien ominaisuudet muuttuvat
dramaattisesti. Siksi tulokset, jotka on johdettu nollan ympérilld linearisoiduista
malleista, ovat varsin harhaanjohtavia. Lisdksi osoitetaan, ettd niitd ongelmia ei
synny malleissa, jotka perustuvat limittdisiin Taylor-sopimuksiin, koska Taylor-
malli on immuuni inflaatiotrendin muutoksille. Johtopditoksenéd on, ettd Taylor-
mallia on pidettdvd parempana kuin Calvo-mallia, paitsi indeksoitujen nimellis-
muuttujien tapauksessa.

Avainsanat: inflaatio, hintajaykkyydet, palkkajaykkyydet

JEL-luokittelu: E24, E32
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1 Introduction

“Macroeconomics is moving toward a New Neoclassical Synthesis” (Goodfriend
and King, p. 231). “Building on new classical macroeconomics and RBC
analysis, it incorporates intertemporal optimization and rational expectations
[...].  Building on New Keynesian economics, it incorporates imperfect
competition and costly price adjustment [...]” (Goodfriend and King, p. 255).
Judging from the amount of recent papers on dynamic general equilibrium
models of sticky prices, mainly time dependent staggered prices, the moving
seems to be completed.! Two main models of price adjustment are employed
in the literature: one refers to Calvo (1983) and the other to Taylor (1980),
the former being by far the most widely used in the literature for reasons
of tractability. Given the aim to build quantitative models of economic
fluctuations, models are simulated and then, following the RBC tradition,
compared with actual data.

Many, if not most, of the works in the literature log-linearize their model
around a particular steady state: the zero inflation steady state.? This is
again due to reasons of simplicity, given that in actual data trend inflation
in the developed world in the last thirty years have been quite different
from zero. The average inflation rates from the seventies onwards in major
European countries has ranged from approximately 3% in Germany to almost
10% in Spain, with the US around 5%.% It is obvious that a time-dependent
sticky-price framework is ill-suited for describing economies with very high
rates of inflation, because in such an environment the sticky price assumption is
unreasonable.* On the contrary, post world war II data in developed economies
show positive, but low levels of average inflation and thus the New Neoclassical
Synthesis framework is applied to describe those data. The implicit assumption
then must be that taking into account low levels of trend inflation would not
matter anyway, because it would have a negligible effect both on the steady
state (around which the model is log-linearized) and on the dynamic properties
of the model.

This paper investigates this implicit assumption. First, it shows that it
is actually invalid. It does so by analyzing a standard sticky-price dynamic
general equilibrium model with the Calvo (1983) specification, which is the
most commonly employed in the literature. The structure is otherwise taken
from the well-known paper by Chari et al (2000). It also analyses the case in
which capital is treated as fixed (another common assumption in this literature,
following an argument put forward by McCallum and Nelson (1999)). It turns

!This new workhorse model has been extensively used to investigate various issues:
persistence (eg, Jeanne (1998), Chari et al (2000), Ascari (2000)), monetary policy rule
(eg, Rotemberg and Woodford (1997), Clarida et al (1999), Woodford (2003)), inflation
dynamics (eg, Gali and Gertler (1999)) and open economy (eg, Chari et al (2002), Kollman
(2001)).

2Some exceptions are King and Wolman (1996), Ireland (1997), Dotsey et al (1999),
Ascari (2000) and Chari et al (2002).

3Using the Bureau of Labor Statistics data, in the Gali and Gertler (1999) sample
(1960:01-1997:04), the average inflation rate in the US is 4,5%, .

4Therefore, it would be pointless to show that for high average inflation rates
time-dependent sticky price models deliver counterfactual results.



out that when trend inflation is considered, both the long-run (ie, steady
state) and the short-run (ie, dynamics) properties of the Calvo time-dependent
staggered price models change dramatically. First, using standard calibration
values from the literature, it is shown that the steady state output level is very
much sensitive to the steady state rate of growth of money. Very mild levels of
trend inflation imply large, and unrealistic, changes in the steady state output
level. Second, consequently trend inflation matters for the dynamic properties
of the log-linearized model. Indeed, the dynamics of the log-linearized model
depend on the particular steady state around which it has been log-linearized.
Since steady state differs a lot depending on the level of trend inflation, it comes
as no surprise that trend inflation matters for the dynamics of the log-linearized
model. Finally, early old-fashioned sticky-price models have been extensively
used to address a very important topic: disinflation (see, eg, Blanchard and
Fischer, ch. 10). Again, the level of trend inflation from which the disinflation
policy starts is extremely important for the dynamic behavior of the model
following a disinflation. In sum, this paper shows that disregarding trend
inflation is quite far from being an innocuous assumption. As a consequence,
the results obtained by models log-linearized around a zero inflation steady
state are misleading.’

Second, the paper also investigates the properties of the Taylor staggering
model.® Tt is shown that Taylor-type model does not suffer of any of the
problems mentioned above. The steady state changes very little with trend
inflation and so do the dynamics. Given that inflation targets are non-zero
and have changed over time, it follows that one should use the Taylor model
to fit the data rather than the Calvo model, since the latter is not robust to
changes in trend inflation.

This paper can therefore also be interpreted as an investigation into the
robustness of time-dependent (Calvo and Taylor) staggered price specifications
with respect to positive trend inflation. As such the paper is quite related
to two important recent contributions comparing the Taylor and Calvo
specification. Kiley (2002) shows that, in contrast from common perception
in the literature, the Taylor and Calvo models deliver very different dynamics.
In the Calvo model, in fact, some price-setters do not adjust prices for
many periods more that the average frequency of price adjustment, leading
to an higher dispersion of prices and a more sluggish responses to a money
shock.” Building on this result, Wolman (1999) modifies two implausible
features of the Calvo model by assuming that: (i) the probability of price
adjustment is increasing in time-since-last-adjustment; (ii) no firms keep price
fixed for more than 8 quarters. Wolman (1999) then shows that the resulting
dynamic behavior is fundamentally different from the original Calvo model,
and concludes that the “Calvo model is an extreme special case, not just a

>The issue of trend inflation has not been really tackled so far in the literature. Only very
few papers mention it, namely King and Wolman (1996) and Ascari (1998). Both papers,
however, look mainly at the effects of trend inflation on the steady state. This paper will
consider their results in what follows.

61 thank both referees for suggesting me to do this comparison.

"Note that actually, these price setters are producing relatively more output than other
firms, since they have lower prices.



convenient simplification” (p. 43). This paper shows another problem with
the Calvo model that does not seem to arise in the Taylor pricing framework,
regarding robustness to trend inflation. Taking together the basic message of
these papers is that while the Calvo model can be a very convenient model of
price staggering for some specific questions, the Taylor one should be preferred
in DGE models of the New Neoclassical Synthesis.®

2  The model

The model is meant to be the most standard sticky price dynamic general
equilibrium model. Thus I will use the Calvo (1983) and Rotemberg (1982)
sticky price specification, which is the most commonly employed in the
literature, within the quite general model structure of the well-known paper
by Chari et al (2000).° The model economy is therefore composed of a
continuum of infinitely-lived consumers, producers of final and intermediate
goods. The final goods market is competitive, while the intermediate goods
producers enjoy market power. The model is so familiar by now that it does
not need any detailed explanation (see Appendix 1 for the details). The
functional forms are also standard:

1-x
Instantaneous n-1 N = .
utility function {[bc IENIEDICH R BT } /(1 =)

Production function
of intermediate Y; = AK}°L¢
goods producers

Production function 0o1 5%
of final Y = [f YT}
goods producers

where C' = consumption, M = money, P = price of the final good, Y; =
output of the intermediate good producer ¢, K;, L; = capital and labor
employed by the intermediate good producer 7, Y = final good output. The
utility function, same as Chari et al (2000), is chosen because of its generality,
encompassing most of the utility functions employed in the literature on
sticky price models.

Moreover: (i) intermediate goods producers behave as Dixit-Stiglitz
monopolistic competitors because they are facing a downward sloping factor
demand from final good producers, with elasticity equal to #; (ii) they can
change their price only in specific states of nature, and have to satisfy demand
at the quoted price. The state of nature in which the firm can change its
price will occur with probability 1—c«, while with probability « the firm is stuck

®See also Dotsey (2002).
9Chari et al (2000) employs instead the Taylor type specification.



with the same price of the previous period. The problem of the intermediate
goods producers can be defined as

]}/,:[,.af Ey (Z O‘jAt,tJertJrj) (2.1)
it jZO

= E, (Z o Dy KP—) Yierj — Tci,w-(mm)} )
=0 +i

where A,;;; represents the real discount factor from ¢ to ¢ 4 j applied by
the firm to the stream of future real profits; F = real profits, P, = price
set by the firm, T'C; = real total costs. Given the demand function, Yy, =

)
(%) Yi4;, the optimal price fixed by re-setting firms in period ¢ is given
J

by
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where M C; = real marginal cost of producer ¢. This equation represents the
core of sticky price models, as thoroughly explained by King and Wolman
(1996).

Finally, following an argument put forward by McCallum and Nelson
(1999), the case where capital is a fixed factor in the production function
of intermediate goods producers (eg, Rotemberg and Woodford) is also
considered.

3 Trend inflation and steady state

In this section I perform an exercise similar to that of King and Wolman (1996);
that is, I look at the effects of trend inflation on the steady state. While King
and Wolman (1996) concentrated on the mark-up, I will focus on the effects
on steady state output.

Assume that v is the gross rate of growth of money in steady state: that
s, v = I\é\ﬁl’ Vt. The steady state is then characterized by the constancy of
the real variables and by a rate of growth of the nominal variables equal to 7.
There is broad agreement in the literature on the calibration values of most
of the parameters. Calibrating a period as a quarter, « is thus set to 0.75,
which implies that prices are on average fixed for one year. As in Chari et
al (2000) 6 is set to 10 (implying a mark-up of 1.1, in a zero-inflation steady
state). The parameters for the money demand equation are taken from Chari
et al (2000)'?, so n = 0.39 and b is set so that the ratio (M/PC) = 1.2. Then:
B = (0.965)"/4 o = 0.67 and the depreciation rate § = 1 — (0.92)'/4. The value
of e, instead, varies across papers, ranging from a value of 1 to values more
in line with the microeconomic estimates as 6. e is set equal to 1.5, again as

WGiven that I employ the same utility function as Chari et al (2000), then I have the
same money demand function.

10



in Chari et al (2000).!' With these numbers, in a zero-inflation steady state
(ZISS henceforth) the model presents an annualized capital-output ratio of 2.5
and an investment-output ratio of 0.2, while households enjoy two-thirds of
their total endowment of time as leisure.

The steady state value of the optimal price set each period by the re-setting
firms is

0—1

P”:( 0 )(1—0457 )MC (3.1)
P, 0—1 1 —apy?

First, there is a maximum rate of growth of money supported by the steady
state, because to get (3.1) the summations in (2.2) need to converge.!? Hence
it must be that a3+’ < 1; that is, trend inflation should be less than 12,6%
annually. Unfortunately, this threshold number is not too far from the level
of average inflation in the developed countries in the last thirty or forty years.
Therefore, this first remark gives a first warning nuisance, since one wants to
use these models to describe the behavior of inflation in post-war data.

Second, trend inflation has amazingly big effect on steady state output.
Figure 1 plots the percentage deviation of steady state output from output
in a ZISS, as a function of the rate of growth of money (annualized in the
graph). Steady state output decreases strongly with inflation. A steady state
annual rate of inflation of 10% leads to a steady state output level 26% lower
than in a ZISS. 8% trend inflation lowers output by 10% (with respect to
ZISS) and 5% (~ average inflation in the US in the last forty years) by almost
3%. It is important to underline instead that the capital/output ratio, the
investment /output ratio and the steady state fraction of time devoted to work
do not change very much with trend inflation.'* Hence, by calibrating the
model one would not change the parameters’ values.

Third, as mentioned above, following McCallum and Nelson (1999), capital
is often treated as fixed (eg, Rotemberg and Woodford (1997)). In this case,
the steady state properties of such a model are even more disturbing. First, the
maximum sustainable level of steady state inflation is now only 8% (because
the marginal costs are now increasing depending on o, see Appendix A1A).
Second, the steady state output level again seems to be very sensitive to steady
state inflation, as shown by Figure 2. In particular, for example, 5% trend
inflation lowers output by 11.5% with respect to the ZISS, while 7% trend
inflation cause output to be 39% lower than in a ZISS. There is actually a sort
of ‘continuity’ between the two Figures, in the sense that as the value of o
increases, Figure 2 ‘tends’ to Figure 1, as shown in Figure 3. If ¢ = 1, the
behavior of steady state output as a function of trend inflation is then similar
to the case with capital. In other words, increasing o stretches out Figure 2,

by pulling the asymptote (ie, maximum level of sustainable trend inflation) to
the right.

1Tn any case, surprisingly enough, given the attention devoted to the parameter governing
the elasticity of labor supply in the literature, all the presented results are very little sensitive
to changes in the value of e. Moreover, note that the values of the variables in steady state
do not depend on the value of x.

12This point has already been acknowledged by King and Wolman (1996): see footnote
12 at p. 96.

13Except when trend inflation gets very close to its limiting upper value.

11



Admittedly, the results are somewhat sensitive to the value of §. Similarly
to the increase in ¢ in the previous Figure, a lower value of # implies a
higher value of sustainable trend inflation; which in turn basically stretches
out Figures 1 and 2, by shifting the vertical asymptote to the right (see Figure
4). For example, if § = 4.3, as in King and Wolman (1996), the maximum level
of sustainable trend inflation is 32% and 19% in the model with capital and
in the model with fixed capital respectively. In this case, 10% trend inflation
would lower steady state output by 4% and 8% with respect to the ZISS, in
the two different models respectively. In any case, most of the papers in the
literature use values of # between 10 and 6, because 6 = 4.3 seems to result in
an implausibly high level of mark-up in a ZISS (ie, 30%; see Rotemberg and
Woodford (1997)).1

These results actually are quite astonishing for their magnitude. The
intuition behind them is however straightforward and somewhat already
mentioned in the literature in the context of some versions of the Taylor
specification (see, in particular Ireland (1995) and Ascari (1998)). In a ZISS
of a time-dependent fixed price staggering model, there is only one price and
all the firms charge that price. It follows that all of them are producing the
same level of output. If there is some trend inflation, however, in each period
firms have different prices in steady state and they produce different levels
of output, according to their relative prices. Due to the usual non-linearities
in the utility and production function, then, this causes an aggregate output
loss. Hence, not surprisingly: (i) the higher 6, the higher the effect of relative
prices on firms’ output levels, and the higher the output loss; (ii) the lower o,
the higher the decreasing returns to scale and the higher the output loss.!” In
the Calvo model price dispersion is higher than in the Taylor model (see Kiley
(2002)) so it is natural to expect a bigger output loss. What is surprising, it is
the magnitude of this loss for standard model structure and calibration values.

To conclude, trend inflation has huge effects on the steady state properties
of the model. The numbers above would imply enormous costs of inflation in
terms of loss in output. Moreover, the steady state properties of a sticky price
model are also different depending on whether capital is treated as fixed or not.
In any case, these properties are particularly embarrassing for anyone willing
to use these models to analyze important facts as disinflations (see 4.2).1

" Also the behavior of the mark-up, on which King and Wolman (1996) focuses the
analysis, is similarly very sensitive to trend inflation when 6 = 10. The steady state formula
for marginal and average mark up are the same as in King and Wolman (1996) (in particular,
see equations (18) at p. 92 and (19) at p. 93 therein), because of the same Calvo pricing
framework. King and Wolman (1996) overlooks the magnitude of the effect of trend inflation
because of considering only values of 8 < 4.3.

15Not surprisingly the loss is also bigger in a model with strategic complementarity, which
amplifies the non-linearities (see Bakhshi et al (2002)).

16This might be the reason why virtually no sticky price model has been devoted to such
an issue, with the exception of some stylized models (ie, Dazinger (1988), Ireland (1995),
Ascari and Rankin (2002)).

12



4 Trend inflation and dynamics

4.1 Log-linearization

Usually dynamic general equilibrium models are solved by log-linearizing the
models around a steady state. However, we saw in the previous section that
different levels of trend inflation lead to very different steady states. In general,
then, the coefficients of the log-linearized equations would also depend on
the steady state level of inflation. Thus, an immediate and uncomfortable
implication of the previous section is that the steady state around which one
log-linearizes should matter. Indeed it does.

To analyze how the dynamics of the model depend on trend inflation, the
case with fixed capital and ¢ = 1 is examined. First, I set y = 1, as in Chari et
al (2000) and because log-utility is widely used in the literature. In Figure 5,
I plot the impulse responses of output to a 1% rate of money growth shock, at
different levels of trend inflation.!'” When trend inflation is zero, the model has
only real roots. Output jumps on impact and then returns gradually to steady
state level. Turning the steady state rate of growth of money to positive values
very soon results in complex roots. As shown in Figure 5, the oscillation in
the impulse responses typically induced by complex roots become more and
more pronounced as trend inflation increases. In particular, a recession starts
to appear after some quarters and it becomes longer and deeper as trend
inflation increases. As a result, the effect of the money shock persists for quite
a long time.

Moving away from log-utility, ie, ¥ = 1, the model becomes even more
sensitive to changes in trend inflation. Figures 6a, b, and c show the same
impulse responses as Figure 5 for y = 5. The oscillations now becomes
extremely pronounced even for very low values of trend inflation. The impulse
responses for a ZISS, a 5% or a 7,5% trend inflation are very much different
both qualitatively and quantitatively. Moreover, as the value of trend inflation
gets closer to the upper limit some puzzling features occur: (i) the size of
the short-run effect becomes substantially larger; (i) the impact effect of a
positive money shock becomes negative (see Figure 6¢); (iii) the model does not
satisfy the Blanchard-Kahn conditions anymore and starts to produce explosive
behavior, by generating a number of explosive roots bigger than the number
of non-predetermined variables.'® Therefore, it seems that not only the steady
state, but also the dynamic properties of the standard model are very sensitive
to the value of trend inflation.?’

17The process for the rate of growth of money supply used in these simulations is again
taken from Chari et al (2000). Its autocorrelation term is 0.57.

18This is the value used in the NBER w.p. version of Chari et al (2000). The results of
Figure 6, however, qualitatively hold even for lower value of x, that is, as soon as we depart
from log-utility.

YFor x = 5 the explosive behavior starts for 11,25% annual trend inflation; for log-utility
the stable roots increase monotonically with trend inflation, get very much close to one, but
never cross the unit circle for admissible values of trend inflation.

20Both the cases with varying capital and with fixed capital and o = 0.67 present similar
qualitative features, and thus are not reported. In the case with ¢ = 0.67, the puzzling
features begin to appear at very low levels of inflation, because the upper bound is only 8%.

13



Given the so strange behavior, it is not easy to provide an intuition. Again
as in Kiley (2002), I think the problem lies in the particular kind of aggregation
the Calvo model implies. The key equation is the one that relates employment
with aggregate output (see (A.31) in Appendix A):

e [f - 5

_g
[

— _e —
where P, = [ fol Pi,t"dz} . P, and Py are two different aggregators. When

they are equal, then there is a simple relationship between aggregate labor
1

ﬁ} ° Then L and Y move closely together.

A
Even a slight difference between P, and P;, however, has a big impact on the
dynamics of L, given Y, since the elasticity is (/o). Indeed, the higher the
value of 0, and the lower the value of o, the more a difference in the dynamics
of P, and P, causes a wedge in the dynamics of L and Y. Now, in a ZISS, P,
and P, coincide and, besides, they have the same dynamics in the log-linear
model. Hence, log-linearizing around a ZISS P, and P, basically are the same
variable. When there is trend inflation, however, they start to differ both in
steady state values and in the log-linearized dynamics. Ceteris paribus, this
simply implies that the higher trend inflation, the more the dynamics of L and
of Y are different. Now, with log-utility the behavior of L does not enter the
Euler equation, since consumption and leisure are separable. An exploration
of the impulse responses for these variables in the exercise related to Figure 5
shows that actually L reacts much more than Y. When the utility function is
not separable, however, the dynamics of L and Y are quite tightly linked also
through the Euler equation. For positive values of trend inflation, a tension
between equation (4.1) and the Euler equation arises: the former equation
would imply a different behavior between L and Y, the latter not.?! Not that
the higher 6, and the lower o, the worse the tension. The way to reconcile
the two equations is by reducing the gap between p; and p,, where lower-case
letters stand for the log-deviation of variables from their steady state values.
This can be done only by a very big jump in the resetted price, p;;, which
indeed reacts much more for high rates of inflation. Note that in the extreme
case, ie, Figure 6¢, the jump in the newly resetted price p;; is so big that p;
overshoots immediately causing a slump on impact.

It is important to stress that the source of this bizarre behavior is thus
the particular kind of aggregation involved in the assumptions of Calvo model.
There are many different prices and, trend inflation increases price dispersion.
Then, the model implies that some firms (with relative low prices fixed very
far in the past) would face an high demand and produce a lot, while others
(with relative high prices fixed recently) would face a low demand and produce
a little. Given the non linearity of the Dixit-Stiglitz production (consumption)

and aggregate output: L; = [

210n the contrary, in a ZISS with x = 5, the dynamics of the log-linear model do not
change much with respect to the same case in Figure 5, since in a ZISS P, and P, basically
are the same variable. The only effect of a higher value of x is a natural dampening of the
response due to the increase in the concavity of the utility function.
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basket, it would need a higher level of employment to produce (consume) one
unit of that basket.

Analytical investigation sheds also some light on the high sensitivity of
the pricing equation to trend inflation, and the implication for the so-called
New Keynesian Phillips curve. Start with the well-known case where the
log-linearization is taken around the steady state with zero inflation (ie, v = 1).
Define IT; = (P;/P,_1) = gross inflation rate. The log-linearized version of (2.2)
is

pit —pr = (1 —aB)E; Z(Oéﬁ)j (T4 45 + My (4.2)
=0

where 744 = (Ty41 + Moy + ... + miy;) and m; = 0. This equation is usually
combined with the log-linearized version of the general price level equation (see
equation (A.11) in Appendix A)

Q

Pie = Py = 7 (4.3)

in order to get the dynamics of inflation

T = )\mct + BEtﬂ-t—‘rl (4.4.)

where \ = %ﬁlﬂm As explained by Gali and Gertler (1999), among others,
this is the so-called ‘New Keynesian Phillips Curve’.?? In other words, the
inflation rate today depends just on the discounted sum of the future expected
marginal costs, as can be easily found by iterating (4.4) forward

T = A Z BjEthH_j (4.5)

J=0

From a theoretical perspective, for a given expected future path of the marginal
costs, the key parameter in the dynamics of inflation is therefore \.

Again things are a bit different, however, when the log-linearization is taken
around a steady state with trend inflation (ie, v > 1), since (2.2) becomes

pi—p = B3 (aBy"Y (1 — aBy’) [Bmars + Yers + meess) (4.6)
7=0
—E, 3 (@B @Y (1= aBy @) [(6 = Vs + yis]
7=0

Combining this last equation with the log-linearized formula for the general
price level, that is,

0—1

ay
Dit — Pt = Wﬂt (4.7)

21n fact just assuming that the real marginal costs depend on output (mc; = %yt) and
substituting, one gets

g

Yt = m [7Tt - ﬁEtWtH]
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yields the generalized version of (4.4), which can be written as

1 — a1t
T = (TJI) (1= apy’)yme, + BEym + (4.8)

6—-1

Q
+H1=7)B(1—ar") {yt - (9 + #) Eimint
—(1—apy " NE, Z afy (0 — D1 persy + yt+1+]]]

7=0

Setting v = 1 gives (4.4). Clearly (4.8) is quite different from (4.4), and it is
evident that trend inflation influences the behavior of inflation. Nonetheless,
(4.8) can be written in a compact way that remind of (4.4):

T = MNy)me, + BEm + (1 — ) F(Emiyi, Evyeri) (4.9)

where \(7y) = (1;3;]_0;1) (1 — aB4?). Following Gali and Gertler (1999), the
literature stressed the fact that inflation behavior depends on marginal cost.
(4.8), however, shows how this relationship is very much influenced by trend

inflation.

A=0.086 [v=(102)7|y=(105)7 | y=(L.08) [ y= (L)
A(7) 0.06 0.031 0.012 0.0043
A —A(7))/A 30% 64% 86% 95%

Table 1. Values of A\ as a function of trend inflation

Table 1 displays the sensitivity of the value of A to the trend inflation rate.
Even for a small level of trend inflation, ie, 2% annually, the value of X is
reduced by 30% with respect to a log-linearization around ZISS. This means
that the dynamic response of inflation to marginal costs is overestimated if
trend inflation is not taken into account. Moreover, the higher the level of
inflation, the further apart are the values of A and A(v). The model predicts
that the dynamic response of inflation to marginal costs should be reduced by
64% if annualized trend inflation is 5%, up to 86% for 8% trend inflation and
virtually zero for 10% trend inflation. Figure 7 visualizes this effect.??

From the analysis above some important points follow. First, the model
therefore implies that the log-linear approximation (4.5) which expresses the
dynamics of inflation as a function of the future expected path of marginal
costs in a ZISS gets substantially worse as trend inflation increases. Hence,
all the results in the literature obtained using the Calvo setup and a ZISS
assumption should look very suspicious (the optimal monetary policy literature
for example, eg, Clarida, Gali, and Gertler (1999) and Woodford (2003)).
Second, it does not seem to be appropriate to compare simulation data
obtained from a model with a ZISS with actual data (from VAR analysis, for

2If = 4.3, X is reduced of 30% if trend inflation is 5% and of 60% at 10% trend inflation,
so the argument still holds.
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example, eg, Ireland (1997) and Christiano, Eichenbaum, and Evans (2001)),
where trend inflation is above zero. Finally, Gali and Gertler (1999) proposed
an empirical formulation based on (4.4) to explain the dynamics of inflation.?*
Gali and Gertler (1999) argued that such a model could account for the
behavior of US inflation in the sample 1960-1997, and estimated the structural
parameters of the model (ie, «, 3). From what has just been said above, a
model based on (4.4) is questionable when values of trend inflation are not
only in double digits, as in the pre-Volcker period, but just slightly above
zero. More generally, if average inflation in a data sample is moving around
(as it does in post world war II data in developed countries), then matching
the data with such a model is not appropriate given that these movements
in trend inflation would lead to a large variation in the dynamics. The ZISS
assumption tends to simplify the analysis and to give neat results, which are
however misleading since they disregard the effects of trend inflation .

4.2 Disinflation

Not surprisingly, the effect of a disinflationary policy would also depend on
the rate of steady state inflation. A log-linearized model is not suited to solve
for the path of output following a sizeable disinflation, because a disinflation
involves a move from one steady state to another. Hence I use the package
for non-linear simulations DYNARE.?® Figure 8 shows the path of output
following a 4% disinflation, again in the model with fixed capital and constant
return to scale.?’ The disinflation experiment is an unanticipated permanent
decrease in the money growth rate, that is, the initial values are from a steady
state where the money growth rate is x% and then it is unexpectedly and
permanently lowered to (x-4)%. After a disinflation from 4% to 0, output
decreases by about 10%, and so disinflation causes a substantial slump on
impact. Then output starts increasing monotonically, until it reaches its new,
slightly higher steady state level (recall Figure 3).2" The output path following
a disinflation from 6% to 2% qualitatively is very similar, but the impact effect
is smaller while the steady state effect is bigger. And these features swiftly
intensify as the starting rate of growth of money increases. For a given size
of the disinflationary policy (ie, 4%), the higher the starting rate of growth
of money, the smaller the negative impact effect and the bigger the positive
steady state effect. Disinflating from 10% to 6% does not cause any decrease
in output level, which is always above the starting steady state level. The

24Gali and Gertler (1999) model is slightly different, since it also includes a fraction of
backward-looking price setters.

25This package has been elaborated by Michel Juillard at CEPREMAP (see Juillard
(1996)) based on the algorithm in Boucekkine (1995). King and Wolman (1996) also briefly
discussed disinflations in Calvo model, but in a linear framework.

26y is set to 1, but the results are very similar also for higher values of x. Recall that the
steady state does not depend on x.

2TIn Figure 8 the final steady state level is normalized to 1. So one can easily read on the
vertical axis scale on the left the difference between the starting and the final steady state.
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long-run effect of the policy has taken over the short-run dynamics. The path
in Figure 8b (from 12% to 8%) looks plainly unbelievable.

As a conclusion, trend inflation is found to matter a lot, not only for the
steady state properties of the model but also, if not even more, for the effects
on its dynamic properties.

5 A comparison with the Taylor model

In this section I carry out the same exercise for the Taylor (1980) staggering
model. The model setup and the calibration are the same as before, but now
the economy is divided into 4 sectors of equal size. Each firm in a sector
fixes the price for 4 periods (calibrated to be a quarter) and sectors’ pricing
decisions are staggered. Facing the same problem, all the price resetting firms
in the same sector fix the same price. Therefore, in each period, there are 4
different prices: one fixed today by a quarter of firms, the others fixed one,
two and three periods ago respectively by the other three quarters of firms.

As we will see, this model does not show in any case the sensitivity to
trend inflation that characterizes the Calvo model. The Taylor type staggering
model is very robust to, even substantial, changes in trend inflation. The main
reason lies in the different kind of aggregation in the Calvo and Taylor model.
Taylor model has two appealing properties: (i) the price resetting firms in
each period are the ones that resetted their prices further on in the past; (ii)
price dispersion is much lower with respect to Calvo, since there are only four
different prices in each period.

Figures 9-12 corresponds to Figures 1-4 for the Taylor model. First, the
Taylor contract structure would not impose any upper bound on the steady
state rate of money growth. In this case, in fact, the first order condition for
price re-setting firms would present a ratio between finite summations, and
so there would be no issue of convergence of infinite sums. Second, Figures
9-12 show that the effects of trend inflation and of the parameters o and
0 qualitatively are the same as Figure 1-4. The intuition is also the same.
The numbers, however, are totally different: quantitatively changes in trend
inflation affects the Taylor model only slightly. 10% trend inflation decreases
output of 1,4% and 2,5% in the model with capital and in the fixed capital
model respectively. Third, Figures 11 and 12 show that changes in ¢ or # have
no such dramatic effects as in the Calvo setup.

Figures 13 and 14, instead, are the parallel of Figures 5 and 6. In the case of
log-utility (Figure 13), trend inflation has basically no effects on the response
of output following a money shock. The impulse response of the Taylor model
is less persistent with respect to the Calvo model, as we know from Kiley
(2002). For higher values of y, some effects appear. Again the direction (and
intuition) is the same as in the previous section and again the numbers are
totally different.

Finally, looking at disinflation, Figure 15 shows that while the long-run
effect is not very sensitive to the initial level of trend inflation (recall Figure
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11), the short-run effect, that is, the depth of the initial recession, is lower the
higher the initial inflation rate.

To conclude, contrary to the Calvo model, the Taylor model seems to be
quite robust to changes in the average inflation rate. While trend inflation
affects both the steady state and the dynamics of the model, it does not seem
to dramatically alter the model as in the case of the Calvo model.?®

6 Indexation

It has been shown above that trend inflation has some disturbing effects both
on the steady state and on the dynamics of a standard staggered price model
with Calvo pricing. One way to free the model with all the problems mentioned
above is indexation.

The literature proposes two indexation schemes, indexing the prices that
cannot be reset either to the trend inflation rate (see, eg, Yun (1996) and
Jeanne (1998)), or to the past inflation rate (see, Christiano, Eichenbaum,
and Evans (2001)). Both of these schemes can be shown (see Appendix B) to
cancel the effects of trend inflation: both the steady state and the dynamic
equations of the optimal reset price are the same with positive or with zero
money growth.?? The intution is simple: in a non-stochastic steady state all the
firms charge the same price, whatever the rate of growth of money, because the
updating rule coincides with the steady state optimal pricing rule. In steady
state there is no relative price issue, which concerns only the dynamics.

However, there are some difficulties in assuming this kind of automatic
adjustment to trend or past inflation. The first one is obviously that in reality
we do not observe such contracts, because most prices and wages are fixed
within a year (see Taylor (1998)). Multiperiod wage contracts, rather than
prices, can sometimes be indexed to past inflation. Moreover, we know from
Gray (1976) that full indexation is not optimal. Whenever the indexation is
only partial, then the nuisances described in this paper would still be present.

Finally, in terms of microfoundations, one of the rationales given for the
directly postulated Calvo contract structure is that it is analytically equivalent
to the Rotemberg (1982) model of quadratic cost of changing price. This would
imply, however, that the microeconomic rationale for keeping the price fixed
for a certain amount of time is a quadratic ‘menu cost’ of changing price, and
it would be difficult then to justify a costless automatic ‘menu’ adjustment to
trend or past inflation. Christiano, Eichenbaum, and Evans (2001) actually
justified this scheme appealing to reoptimization costs rather than menu costs
and, to rule-of-thumb behavior. This may be fine, but when we start to assume
rule-of-thumbers is difficult to know where to stop. Indeed, the Christiano,

28Tt would be interesting to look in more details to the causes and implications of these
effects in a Taylor model. In particular, different setups of the model (e.g., strategic
complementarity, wage staggering, etc.) may make these effects larger (see Ascari (2000)).
This will be the object of future research.

29Obviously here we are just referring to the equations regarding the behavior of inflation
(pricing rule and price index). In general, other equations as well would depend on steady
state inflation (eg, money demand, possibly leisure decisions etc.)
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Eichenbaum, and Evans (2001) main justification for using this indexation
scheme is empirical: to match the inflation inertia in the data.

Last, but not least, note that nothing then prevents firms from indexing to
actual inflation, just allowing the prices to change exactly as the new resetted
prices, which are observable. Well, it is easy to show that in this case, there
are never relative price changes and the model becomes basically a flexible
price model. There is no relative price issue neither in steady state nor in the
dynamics.

In sum, I showed that trend inflation is very disturbing in a standard
sticky-price Calvo model. No paper in the literature ever mentioned these
problems. Indexation can get around them and possibly others. But
theoretically, the validity of such schemes is still questionable.

As is well known, the only alternative is state-dependent models. A
remarkable example is the model in Dotsey et al (1999). In fact, in a
state-dependent model, the duration of contracts depends on the state of the
economy and should respond to trend inflation. In other words, a should
decrease with v thus counteracting the effect of trend inflation, as it does in
Dotsey et al (1999). Figure 16 shows the deviation of steady state output
from ZISS as a function of trend inflation and of a.?’ It is evident then that
the changes in o would mitigate the steady state effects of trend inflation and
presumably also the effects on the dynamics, alleviating the nuisances. In
other words, and as a bottom line, the Lucas critique seems to be really biting
in these models.

7 Conclusion

To conclude, one of the most fruitful recent areas of research in macroeconomics
is certainly the so-called New Neoclassical Synthesis. Most of the papers in
this literature, however, use time-dependent Calvo-type staggered price model
and assume zero trend inflation. It can hardly be justified to assume zero trend
inflation to describe and model the data of post-war inflation.

This paper shows that, unfortunately, in these models trend inflation
matters. If it is considered, then time dependent staggered price models
demonstrate some limits: several nuisances appear both regarding their
long-run (ie, steady state) and the short run (ie, dynamics) properties. Indeed,
this paper shows that: (i) a very mild level of trend inflation implies huge,
and unrealistic, changes in the steady state output level; (ii) trend inflation
changes the dynamic properties of the log-linearized model; (iii) the level of
trend inflation is also extremely important for the dynamic behavior of the
model following a disinflation. In short, this paper shows that disregarding
trend inflation is very far from being an innocuous assumption. The results
obtained by models employing Calvo pricing and log-linearized around a zero
inflation steady state are therefore quite misleading.

30In the white parts of Figure 16 the model is not defined, because the level of trend
inflation is higher than its upper value.
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Furthermore, the analysis suggests that Taylor-type pricing do not suffer
of the problems above, being robust to changes in trend inflation. The steady
state changes very little with trend inflation and so do the dynamics.

Inflation targets are non-zero, they have changed over time, and, trend
inflation has moved around quite a bit in post world-war II data in developed
countries. Unless one is willing to assume indexed nominal variables, or able
to embed state-dependent pricing in a DGE model, this paper shows that we
should use Taylor pricing to fit the data rather than Calvo pricing in our New
Neoclassical Synthesis models.
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A Appendix

A.1 The model

(A1A) The Model with variable capital

1) Household
Given the utility function

1-x

U= z@%iu1—w<%>"]%(1—me =y (A1)

the first order condition for the representative households are the following:

b carra(z)”]

= = (A.2)
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Uc(t) b (mt> 14, (A4-3)
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where W; = nominal wage; P, = general price level; C; = consumption; m; =

M, - 1—b n—1 n=1 | n—1
(ﬁ) = real money balances; b = 37; cm; = |bC, " + (1 —b)m,” Ly =

labor supply; Ux (t) = marginal utility with respect to the argument X ( for
X = C,m, L); iy = nominal interest rate; r; = real interest rate.

2) Pricing equations
Final good producers use the following technology

L 1o
vi—| [y (A5)
0

Their demand for intermediate inputs is therefore equal to

p -0

it

Yt = (Pt+‘) Yiij (A-6)
J

The problem of the representative intermediate goods producer firms that reset
the price is

%@f By (Z & Dy yiiF t+j> (A7)
1t jZO
o~ Piy
= Fy Z 06]At,t+j = Y;,t+j - Tci,tJrj(Y;,tJrj)
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P\
s.t. Yi,tﬂ‘:( 7t,) Yiij

where A4, represents the real discount factor from ¢ to ¢ + j applied by the
firm to the stream of future real profits®'; [ = real profits, P; = price set by
the firm, T'C; = real total costs. The optimal price fixed by re-setting firms in
period t is

P ( 0 ) E, Z;‘io ajAt,t—i—jMCi,t—&—the_A,_jY;H-j
-1 By I Aoy UYL

2,t =
t+j

(A.8)

where MC; = real marginal cost of producer i. Note that (A.8) can be written
as P’ —( 6 )w where
it =

0—1) ®(t)>
U(t) = MCiy PYY; + aBE; [U(t + 1)] (A.9)
() = P7'Y, + aBE [®(t + 1)) (A.10)

The price of the final good is given by

1 =
P = { / Pl.{;edi} (A.11)
0
3) Technology

Denoting by ¢; the real user cost of capital, the cost minimization problem of
a representative intermediate goods producer firm i is

Wi/ Py
MIN @K1+ "we Ly
{Ki,+—1,Lt}
s.t. Yie=Au(Kir 1) 77 (Liy)°
which gives the following usual first order conditions
Li: \°
g = A(1—0) MC;, (A.12)
it—1
K l1-0
w, = Ao ( L“’“) MC;, (A.13)
it

Combining these two equations with the production function yields the
equations for the demand of labor and capital and for the marginal cost

g _Yul o @)™ (A.14)
bt At 1—0 Wy ’
Yie |1- 7
Kiva =4 [ - 0%] (A.15)
L rwio| @ e

31 For simplicity, we will set that equal to 3, the real discount factor in the utility function.
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4) Market clearing
The aggregate resource constraint is

where X; = [ fol sztdz} and X; = aggregate investment, while X;; =

investment of the intermediate goods producer :. X; is given by the following
capital accumulation equation for the single intermediate goods producer %

Ki,t - (]_ - 5)Ki,t—l + Xi,t (A18)

where 0 = depreciation rate. This linear equation can be aggregated over
all the intermediate goods producers and then substituted into the aggregate
resource constraint to get

}/t - Ct + Kt - (]_ - 5)Kt_1 (A]_g)

Market clearing on the capital and labor markets requires

1
K= { K‘ft_ldz} (A.20)
0

1
LY = [ / Lgftdz} =L (A.21)
0

Following Yun (1996) the equation to link intermediate goods output and final
good output is given by

1 P, 0
10, = [ / Ymdz} = [é} Y; (A.22)
0 P,

-1
where P, = [ fol Pi”t@dz} 7 and T O, = ‘aggregator’ of intermediate goods
output.

Finally, exploiting the property that, given the Cobb-Douglas production
function for intermediate goods producer, the ratio [KL—T} is the same across
all firms ¢, it is possible to aggregate to obtain: ’

10, = ALK} LY (A.23)
[Ot g (403 1mo
L4=== = A.24
t At |:1 — O"U)t:| ( )
IOt |:1 — 0 wt] 7
K&, === — A.25
t—1 At o qt ( )
1 rw.1o q l1—0o
MC, = — | = ‘ A2
Cr At[a} [1—0’:| (A.26)

The model is closed by the equation r = g — ¢.
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(A1B) The model with fixed capital

Both the household problems and the pricing problem of the resetting firms
do not change, and thus neither do the first order conditions. The difference
is given by the technology of intermediate goods producers, now given by

Yie = ALY, (A.27)

The labor demand and the real marginal cost of firm ¢ is therefore

1
Yiel°
14 — : A.28
= 15 (A2
1 _1 1
MCi,t == _At thYVi{z (A29)
O' 7

The aggregate resource constraint is now simply given by

and the link between aggregate labor demand and aggregate output is provided

by
t 0 2,t At E .

_a
[

where P, = [fol Pi,_t%dz}

Note that now marginal costs depend upon the quantity produced by the
single firm, given the decreasing returns to scale. In other words, different
firms charging different prices would produce different levels of output and
hence have different marginal costs. Consider the optimal reset price formula
in a non-stochastic steady state. This is still described by

Py = (%) % (A.32)

®(t) = P{7'Y, + aBE, [®(t + 1)]
U(t) = MCi PY; + aBE, [U(t + 1)

The MC;; in W(t) is now increasing over time, since
1
| R P D (-1
MCiprj = —ApGWess <—) Y

and P}, is fixed until the new resetting. The variable ¥(t) needs therefore to be
deflated accordingly to make it stationary. In a non-stochastic environment,

(1) =D _(aBY L Vi (A.33)

J
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() = Z(aﬂ)jMCi,tHPt@HYtﬂ‘ (A.34)

7=0
1
= N P ey (z-1)
= > _(ap) AW (Z) Yo Pl
J=0 !

Substituting (A.33) and (A.34) in (A.32) yields a dynamic equation that links
P?, to aggregate variables.

1 1 0
el o(1_ 0 ® (aBY LA cw,. ;Y5 P
P 1+-0(2-1) _ ( ) Z]—O( 6) oM+ Mt L t5t t45 (A35)

o 0—1 Z;‘;O(aﬂ)jpti—jly;ﬂ

In a non-stochastic steady state A;,Y; and w; are constant over time, while
P,1/ P, = v, hence substituting it yields

o(t) = PV Y (oY (A36)
7=0
1 1 1 o k—0(L— > .
W(t) = ~A 5wy F R PL " Y Y (0B oy (A.37)
7=0

Substituting the expression for ®(¢) and ¥(¢) in (A.32) I can obtain a formula
that links the reset price with the aggregate variables in the non-stochastic
steady state and then solve for Y. It is clear, however, that the two summations
in (A.36) and (A.37) need to converge. In particular, I need the following:
By <1 e, v < (aB)~7/%. Putting a = 0.75,8 = 0.99, ¢ = 0.67,0 = 10, I
get v < 1.02, which means an annual rate of growth of money lower than 8%.
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B Appendix

B.1 Indexation

(B2A) To trend inflation

Yun (1996) and Jeanne (1998) assume that the new price set in a generic period
t is actually indexed to trend inflation. Hence, even if the firm is not allowed
to revise its price, the latter grows at the same rate as trend inflation. Then
the problem of the firm is

]}/,:[,.af Ey (Z O‘jAt,tJertJrj) (B.1)
1t jZO
foe) ‘ P tH‘j 1-0
=F ZOZ]At 47 ( = ) Yiej = TCip4i(Yiss)
= I

where II is trend inflation, which equals 7 in steady state, and, Yj:y, =

N
( Ijia;ij) Yi+;. The optimal price is

*
it

N
( 0 )EtZ OO‘AH-HMCH-&-J(WJ) Yiy

6—1 » 0—1
E; Zj al At 47 (P,YE‘LJ ) th+j

The steady state value, with constant marginal cost, is

Py _ (0
5 (9— 1) MC (B.3)

which coincides with the flexible price steady state. Moreover, note that there
is no upper value for the steady state rate of growth of money.

The log-linearized optimal price setting rule equation coincides with the
log-linearization of a typical Calvo framework around a zero money growth
steady state

it —pe = (1 —aB)E, Z I Mepeg +MCitis) (B.4)
7=0

which is also the case for the log-linearized general price level equation

Q

Dit — Pt = U (B.5)

11—«

Putting them together one gets the usual New Keynesian Phillips Curve.
Hence, indexing the Calvo model to trend inflation delivers exactly the kind
of equations used in most models in the literature.
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(B2B) To Past Inflation

Christiano, Eichenbaum, and Evans (2001) proposes the following price
updating rule for the prices that cannot be optimally resetted in period ¢ :
P,=1L_ 1P, = P =L P t—1. The problem of the firm is then

Mazx Et (Z OéjAt,tJertJrj) (B6)

{Pit} =0

= Et (Z OéjAt7t+j
7=0

where Iy 14451 = L1 Iy 1 and 11,3 ;1 = 0. The first order condition
for this problem yields

1-60
) Y;H TCz t+g ( 4 t+])

(Pz’,tnt—l,t-i-j—l
Py

6
o \J , RO (S S N .
N ( 0 ) L 2j=0a At=t+ﬂMclvt+] (Htfl,tJrjfl th+]

. _ B.7)
1t 9 . 1 » 0—1 (
By 5t 00d Ay (ﬂ) Yiij

Mi—1,645-1

Now, recall that II;_1 ;41 = ILIL . I = %, then (B.7) can be
written as

. N0
P 6 E; Z;io o’ At,tJrj MCi,t+j (Hﬁ_t]) E‘l’j
() 5

P . 0—1
! By oa]Attﬂ(Hfj) Vit

It is thus immediate to see that the steady state value do not depend on
the steady state rate of growth of money, since the terms in II would cancel.
Indeed, the non-stochastic steady state is the same as before, simply because
in the steady state past inflation is equal to trend inflation. Log-linearizing
around a steady state with a generic trend inflation rate gives

pie —pr = (1 —aB)E; Z Tmeigrj + ey — ] (B.9)
7=0
The log-linearization of the aggregate price level equation yields*?

(e
1—

Pit — Dt = a(Wt — M_1) (B.10)

Putting the last two equations together, one gets equation (3.15) at p. 11 of
Christiano, Eichenbaum, and Evans (2001), that is,

L (1-a)(1 —ap)
1+ﬁ t—1

Etﬂ-t+1 (Bll)

B
T B A

The coefficients of the log-linearized equation, therefore, do not depend on the
steady state rate of growth of money.

Ty =

2P = [ (P11 1)1 0+( )lete]
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Figure 1. Percentage deviation from zero-inflation steady state output
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Figure 2. Percentage deviation from zero-inflation steady state output
in the fixed capital model
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Figure 3. Percentage deviation from zero-inflation steady state output,
as o varies in the fixed capital model
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Figure 4. Percentage deviation from zero-inflation steady state output, as 6
varies
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Figure 5. Impulse response of output to a 1% money growth shock.
Trend inflation: (i) 0; (ii) 2.5%; (iii) 5%; (iv) 7.5%; (v) 10%
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Figure 6a. Impulse response of output to a 1% money growth shock.
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Trend inflation: (i) 0; (ii) 2.5%; (iii) 5%.
(fixed capital model, 0 =1 and y = 5)
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Figure 6b. Impulse response of output to a 1% money growth shock.
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Figure 6¢. Impulse response of output to a 1% money growth shock.
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(fixed capital model and o = 1)
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(fixed capital model and o = 1)
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Figure 9. Taylor model: Percentage deviation from zero-inflation steady state
output
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Figure 10. Taylor model: percentage deviation from zero-inflation steady
state output in the fixed capital model
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Figure 11. Taylor model: Percentage deviation from zero-inflation steady

state output, as ¢ varies in the fixed capital model
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Figure 14. Taylor model: Impulse response of output to a 1% money growth
shock.
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(fixed capital model, 0 =1 and y = 5)
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