                Monetary neutrality in one specific cl ass of DGE model  with

staggered pr ices

Kirill Sosunov

New Economic School

Nakhimovsky Prospekt, 47, Suite 1721,

117418, Moscow, Russian Federation

Corres ponding address:
Nakhimovsky Pr ospekt, 47, Suite 1 721,

117418, Moscow, Russian Federation. Fax: (7 - 095)129 - 3722. E - mail: ksosunov@nes.ru

Abstract

In t hi s paper I show that monetary neutralit y proposition holds for one speci fi c parameterizati on of a
dynami c general equi libri um model of monopoli sti c competit ion even if nomi nal  ri gidit y in a form of
st aggered pri ce setti ng or partial  adjustment price - setti ng mechanism i s present  i n a model . Thi s
paramet eri zat ion is a result  of a zero profi t conditi on for i nt erm edi ate goods producers and it  requires
t hat degree of increasi ng returns in intermediat e goods p roducti on i s equal t o price - marginal cost s
markup.

Ke ywords:  business cycles, ou tput persi stence, nomi nal rigiditi es, real rigiditi es.

1.  Introduction

Staggere d price setting models are usually used to analyze the dynamics of output and other

real variables, such as investment,  consumption and real wages in response to a nominal

money supply shock. T he most appealing feature of this class of models was thought t o be

their ability to generate output responses to a monetary shock that was more persistent than

the underlying f requency of price adjustment (T aylor,  1980). However, recent resear ch in this

area, which incorporates stagger ed prices into the dynamic stoch astic general equilibrium

paradigm (Ball and Romer, 1990,  Chari,  Kehoe and McGrattan, 1996, Huang and Liu,  1998)

finds that presence of nominal rigidities along is not enough to generate endogenously

persistent ( i.e.  more persistent than the underlying fre quency of price adjustment) output

response to a monetary shock in a RBC - type model.  In this paper I show that in one specific

class of such a model money are neutral even if there is price staggering.

T he paper is organized as follows. In the next secti on I present flexible prices version of the

model and describe its equilibrium. In section 3 I introduce price staggering into the model

and der ive monetary neutrality result. Section 4 concludes.

2.  The simple flexible prices model

2. 1 Description of the mo del

T he model presented here is a simplif ied version of the model of monopolistic competition

developed by Blanchard and Kiyotaki ( 1987). T he economy consist of a lar ge number of

homogeneous agents who maximize lifetime utility in the form

                                    å

                                         ¥

                                          =

+

                                                                                                     +

                       =

                                               0

)

                                                                                                                 ,

                                                                                 (

                                     k
k
t

                                                                                                          k

                                                                                                 t

                                                                   k

              t

                                                                                                                        L

                                                                                      C

                                                                         u

 U

                                                       b
,  (1)

where

                                       b
                                                is a discount factor and felicity function u  positively depends on the level of agent´s

consumption of the composite final good C  and negatively depends on the amount of labor

ser vices supplied to the market L  and satisfies standard conc avity assumptions.

Final good is produced competitively f rom the continuum of intermediate goods inter mediate
goods Y

                                              i

                                                  wher e i
                                                                                               Î

                                                                                                         [0;1] subject to constant returns to scale CE S production function

                                                                                           l
                                                        l

                                                                                       /

                                                                                 1

                                     1

                                     0

                                                                            )

                              (

                                    ò

                 =

                                                               di

                                            Y

  C

                                                    i

                                                                                                   ,  (2)
where 1/(1 -
                                                                     l

                                                                            )  is an elasticity of s ubstitution between different intermediate inputs.  Each of
the inter mediate goods is produced by a dif ferent monopolist fir m,  all of which are owned by
agents.  For simplicity I assume that there is only one pr imary factor of production ˘  labor but
the main  result will hold for the model which allows for two factors of production ˘  labor and
capital with possibility of investment although derivations become more complicated.  All
intermediate firms have access to the same production technology with production  function
given by

                                            g

                                        i

          i

                                L

 Y
                   =

                                                    ,   (3)
where L

                                                i

                                                   is amount of labor services used in the production of i - th good and
g

 is a returns to
scale parameter which maybe either gr eater or less than unity.  The necessary condition for
existence of equilibriu m is
g l

<1,  otherwise profit - maximizing firm would chose infinite
amount of output. One could demonstrate that in the case
g l

<1 equilibrium pr ofit share is
equal to 1 -
                                                                g l

                                                                              .  As a staring point it is natural to assume that profit is equal to zero and
g l

=1
and,  therefor e, production of intermediate goods is subject to incr easing r eturns ˘  the case
considered in Kiley (1997), Farmer (2000)  and a number of other articles.

I assume that the log of the nominal money supply follows a random walk ( or,  equivalently,
th e money growth rate is a white noise process) :

t

                                                                                                   t

                                        t

                                                                                    M

                         M
e

                                                                                                                    +

                                                 =

                                                                                                       -

                                                                                                           1

                                                              log

  log ,

(4)
where
                                       e

                                             t

                                                 are i.i. d. normal random variables with zero mean.

Real money balances ar e determined according to a cash - in - advance constraint

                                                t

                                                    t

             t

                                         P

                                     M

  C
                      =

                                                              .  (5)

2. 2 Symmetric equil ibrium

E ach inter mediate firm chose the price it charges for its output in order to maximize real

profit which is equal to revenue less labor costs. Therefore, its objective function is given by

                                                                                                       )

                                                                                     (

  max

                                                                                                 i

                                                     i

                                        i Y
                                                                         K

                                         P

                                             P

                                Y

                                                              -

                                                                                                               ,   (6)

where P

                                                i

                                                    is a price set by the i - t h firm,  P  is a price of the final good (composite price index)

which given CES production f unction and no - profit condition in the final good sector is equal

to
l
l

                                                                                     l

                                                                        l
�

�

�

�

                                                    �

                                                    �

                                                                                                     �

                                                                                                �

                                                                               �
                                                                                                                      �

                                             �

-

                                                                                            -

                                                   ò
                                 =
                                                                                                         GL

                                                            3

                   3

                                                                    L

 and C(Y

i

)  is a real cost function of production Y

i

,  which is equal

to wL

                                  i

                                     ,  where w  is a real wage.  When setting its price firm takes aggregate price level and

wage rate as given but as a monopolist it takes into account the demand function for its output

which follows fr om (2)  and is equal to

                                                                                1

                                                                          1

                                                               )

                                         ( -

                   =
                                                                      l

                                                  P

                                                 P

                              Y

 Y i

          i

                                                                                        .   (7)

Maximiza tion of (6) with respect to (7)  results in equating marginal revenue and marginal

costs which gives the following price setting rule:

                                                                           P

                                               MC

   P

                                                                       i

          i l

                                  1

                    =

                                                                                          (8)

which states that intermediate f irm sets its price as a constant markup over its marginal costs.

Since in symmetric equilibrium all fir ms charge the same price this price is equal to a price of

a final good. So, the symmetric equilibrium condition is

                                 3

   3

          L

                    =

                                              for all i.   (9)

T her efore,  every intermediate firm produces at the point where r eal marginal costs ar e equal

l
        . Since a cost function is given by

                                                                                     g
                                                                                 /

                                                                            1
                                )

             (

                                                                         i

                          i

                                                      wY

                  Y

  C

                                         =

                                                                                             .   (10)

Marginal cost are equal to

1

                                                                                                            /

                                                                                                       1

                                                                     1

                                             )

                           (

                                                                                                                      -
                                                      =

                                                                                                                g

                                                                   g i

                                        i

                                                                                 wY

                                Y

   MC
.   (11)

Agents supply labor to the market up to the point when marginal disutility of work is equal to
marginal u tility of consumption times real wage:

                                                                                              )

                                                                             ,

                                                              (

                                                                                             )

                                                                            ,

                                                              (

                                                                                  C

                                                                    L

                                        U

                                                                                  C

                                                                    L

                                         U

   w

                                                     C

                                                      L
                              -

                 =

                                                                                                       .   (12)

Given that in symmetric everyone wor k the same amount of time and all firms produce the
same amount of output one can write

                               &

 <

          L

                   =

                                            for all i  and

g

�

�

&

/

                                                                                                                     /

L

=

=

 for all i.  (13)
which allows to use (12)  to represent real wage w  as a function of final good output C . T hen
from (11) and the condition that MC
i

=

l

 one can write:

1

                              )

             (
                                                                  1

                                                    /

                                              1 =
                                                                            =
                                                             - lg

                                                       g

                                   C

                  C

   w   (14)
which can be used to find equilibrium level of output.  Since money does not enter this
equation  any change in nominal quantity of money has no eff ect on real variables such as
output or real wage rate and lead only to a corresponding change in prices charged by
intermediate firms and an aggr egate price index. T his is a classical dichotomy result.

                                                                                          3.  M onetary neutrality in the model with staggered prices

In this section I extend the model described above to allow f or nominal price stickiness by
introducing stagger ed price setting mechanism.  The model is is similar to that analyzed in

Kiley ( 1997). Namel y,  it assume s that intermediate firms cannot set their prices in every
period.  Instead, any firm must set the (nominal) price it charges for its output for two
consecutive periods.  Therefore, all intermediate firms can be divided into two categories:

those  who set prices in every odd period and those who set prices in every even period.

As a profit maximizer,  any f irm which sets price in a given period maximizes pr esent
discounted value of the real profit during the time in which price will be fixed. T here for e,
objective f unction of fir m i  which sets price in period t can be wr itten as:

�@‘

�

>

^

�@

                                                                                                             �

                                            >

  PD[

�

�

�

�

�

+

+

+

+

+

-

G

+

                                                                                      -

                               G

LW

W

LW

LW

W

W

LW

                                                                    W

                                                                          LW

                                                           LW

                                        W

<

&

3

<

3

(

                                                                                                                 <

                                                                                                 &

                                                             3

                                                                 <

                                                    3

,  (15)

where

                                                           N

                                                  W

                                                      +

                                         G

                                                                   is a subjective discount factor for the k - th period into the future which is equal to

the product of

                                                                                       b k
                                                                                                    and the mar gi nal utility of consumption in period t+k MU

t+k

. When setting

price firm takes aggregate price level and wage rate as given but as a monopolist it takes into

account the demand function for  its output (7).  Straightforward maximization give s the

following pr ice - setting formula:

@

>

@

>
                                     �

�

�

�

�

�

�

+

+

+

+

+

+

+

+

                      =

LW

W

W

LW

W

W

LW

LW

W

W

W

                                                                                                                        LW

                                                                                        LW

                                                                             W

          LW

<

08

(

<

                                                                                                       08

3

0&

<

08

(

3

                                                                                               0&

                                                                                <

                                                   08

   3

b
b

                                    l

 (16)

which is similar to the price - setting f ormula in the flexible prices model in the sense that a

firm chooses its pr ice as a constant markup over its mar ginal costs but in the case when price

is fixed for  two pe riods a firm consider average expected marginal costs ove r these two

periods, not only in a period when price is set. Substituting equations (7)  and (11)  into (16)

one gets the following equation:

@

>

>

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

                                                                                                       �

                                                                                                  �

                                                                                 �

                                                                             �

                                                                        �

                                                          �

                                                     �

                                                  �

l
l
g
g
g
g

                                                                                        l

                                                              g

b
b

-

-

+

-

+

+

+

+

+

-

                                                                                              -

                                                                    -

+

+

                      =

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

W

                                           LW

          LW

3

<

08

(

3

<

08

3

Z

<

08

(

3

Z

<

                                                                                                                08

                                   3

   3

 (17)

in which P

                                                                    i

                                                                       can be cancelled b ecause

�

�

�

�

�

=

-

-

l
g

.  After  simplification and writing more

compactly one arrives at the fol lowing:

�

�

�

@

                                                                                                          >

 �

+

+

+

                                                                                +

                                                                      +

           =

W

                                                                                                               W

                                                                        W

W

W

                                                                                                     W

                                                              W

                                    W

                                                                                                                   4

                                                                                                     (

                                                             4

$&

                                                                                                               4

                                                                                            (

                                         $&

                         4

                                                                                            b

                                                                                   b

,  (18)

where Q

                                                 t

                                                    =M U

                                                                                    t

                                                                                      C

                                                                                                t

                                                                                                  P

                                                                                                           t

                                                                                                              1/(1 -
l
)
 and A C

t

=w

t

C

t

1/(1 -
l
)
 with term AC  standing for average costs of

production . Rear ranging this an d replacing E

t

[ Q

t

+ 1( A C

t+1

- 1)] with Q

t+ 1

( A C

t+1

- 1) - u

t+ 1

, where

u

       t+1

                      is a one - step ahead forecast error of Q

t+ 1(

A C

t+1

 ˘ 1) one gets

Q

          t+1

                        (A C

                                               t+1

                                                            - 1)= - 1/

                                                                                                       b
                                                                                                               Q

t+1

(AC

t+1

- 1)+u

t+1.

 (19)

Because 1/

                                                               b
                                                                       >1 this means that, if Q

t

(A C

t

- 1) is to be stationary, both Var[ u

t

] = 0 for all t

and Q

                                   0

                                       ( A C

                                                              0

                                                                    ˘ 1)=0 should hold or |Q

t

( A C

t

 ˘ 1)| will grow without bounds. Therefore,

the unique stationar y solution to (19) is the following:

then is approaching the other, output response to a monet ary shock gets smaller until money
become neutral in the case when two parameters are equal.  The dynamics of this is the
following. As it is shown in Chari, Kehoe and McGrattan (1996) the autoregression r oot of a
process for output is negative in this case ,  i.e.  output is below the trend next period after
shock.  As
                                                                 l g

                                                                                approach unity the autoregression root gets closer to ˘ 1,  i. e.  the oscillatory
dynamics of output amplifies. At the same time initial amplitude of the output increase
becomes smaller until it equals zero and money becomes neutral when
l g

 is equal to one.

R eferences

Bal l , L and D. Romer. (1990), ^Real  Rigi diti es and the Non - neutralit y of M one y~, Review of Economic

Studi es  57:183 - 203.

Blanchard, O.J and N. K i yot aki  (1987) ^Monopoli stic Competitio n and Effects of Aggregate Demand~,

Ameri can Economic Review 77(4): 647 - 666.

Cal vo, G. (1983), ^St aggered Pri ces in a Utilit y Maximi zing Framework,~ Journal of  Monet ary

Economics 12:  383 - 89.

Chari , V., Kehoe, P. and E. McGrattan. (1996), ^Sticky P rice Model  of t he Business Cycl e:  Can t he

Contract  Multipli er Sol ve the Persi st ence Problem? ~, Federal Reserve Bank of  Mi nneapolis St aff

Report 217.

Farmer, R. (2000), ^Two Ne w Ke yne si an Theories of St icky Pri ces~, Macroeconomi c Dynamics, 4, 1 -

34.

Gali, J. (1994), ^ Monopol isti c Compet iti on, Busi ness Cycl es and t he Compositi on of Aggre gate

Demand~, Journal of Economic Theory  63:73 - 96 .

Huang, K. and Z. Li u. (1998), ^Staggered Cont ract s and Business C ycl es Persistence~, Federal Reserve

Bank of  Mi nneapolis Di scussion pap er  127.

Kil ey, M. (1997), ^Staggered Price Setting and Real Rigi dities~, mi me o, Federal Reserve Board .

Ta yl or, J. (1980), ^Aggregat e D ynamics and St aggered Cont racts~, Journal of Politi cal  Economy  88:1 -

23.