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Abstract

The standard new Keynesian model is unable to generate the inflation-output trade-off
that Central Banks face in the real world, unless fluctuations are driven by shocks to desired
price or wage markups. In this paper, I explore whether a model with endogenous markups
can generate such a trade-off in response to more conventional shocks. In this setting, the
elasticity of product demand, and therefore the price markup, depends on the market share
of a firm. I first prove that the change in markup, when combined with the effect of the
shock creating this change, does not lead to the trade-off I seek. Then I investigate the
optimal policy under endogenous markup setting. I show that the flexible price markup is

not affected; hence it is optimal to target the flexible price equilibrium.
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1 Introduction

When y;' represents the natural rate of output and y; represents the realization of output under

sticky prices, the standard New Keynesian Phillips Curve equation
Tt = 5Et {7Tt+1} + Hgt

implies that stabilization of the output gap (§ = y; —y;') also results in stabilization of inflation,
called Divine Coincidence'. This means the model is unable to create the inflation output trade-
off that Central Banks face. To obtain this trade-off, Galf, Gertler & Clarida (1999) use a cost

push shock (exogenous changes in price or wage markups) as follows
Tt = ﬂEt {7rt+1} + E:Ijt + Ut

This equation shows that a shock to u; should be confronted by opposite movements in output
gap and inflation?.

However, exogeneity of these shocks is not a plausible assumption. Gali and Blanchard
(2006) use real imperfections to show how such an assumption endogenously leads to the in-
flation output trade-off following technology or preference shocks. They show that under the
real wage rigidity, the difference between natural rate of output,and first best output (occurring
when firms do not use any markup over their marginal costs) is not constant. Hence, stabilizing
inflation and output gap, (y; — y;'), is no longer equal to stabilizing the welfare relevant output
gap, (y — y[ b). Therefore it is no longer desirable from welfare point of view.

I use endogenous markup setting that is applied to a monetarist model by Kimball (1995)
to investigate such a model can endogenously create the inflation output trade-off without
changing the distance between natural and first best levels of output.

A standard new Keynesian model rests on Calvo (1983) price and/or wage staggering,
where only some firms adjust their prices each period. These models also have the constant
elasticity of demand assumption of Dixit and Stiglitz (1977). This implies that while adjusting
their prices, firms neglect the change in the aggregate price index induced by their own pricing
decisions. In the endogenous markup setting, firms take this effect into account, and they do
not change their prices (so their markups) as much as they do under the alternative constant

elasticity of demand assumption?.

'In the AS-AD framework, this situation can be visualized by noticing the ability of monetary authority for
keeping the inflation constant and the output equal to its natural level by counteracting upon the changes in
AD and LRAS curves

’In the AS-AD framework, an exogenous change in price or wage level corresponds to the case where SRAS
shifts. In response, monetary authority, by shifting the AD curve, can stabilize either price or output in the
expense of letting the other variable deviate more compared to no intervention

3Suppose a decrease in nominal spending. Then the producers, who are able to adjust their prices, lower them
and sell more with respect to rest. Kimball (1995) specification recognizes that these firms will be confronted
with lower elasticity of demand, leaving them less incentive to reduce their prices. The case is analogous to an
increase in spending. As a result, prices respond less to changes in nominal spending. Following this observation,



In this study I investigate whether the endogenous change in markup leads to similar im-
plications with the exogenous change in markup. I specifically look for

1. whether such a model can generate inflation output trade-off

2. the optimal policy under this setting

Both of which, to the author’s knowledge, have not been investigated yet.

I show that endogenous markup does not lead to inflation output trade-off like in the case
of exogenous shocks in desired markup. The reason is the endogenous nature of such a change;
to appear, it needs some other shock, and an endogenous change in markup just mitigates the

effect of this shock. For instance; following a negative supply shock;
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This demonstration shows that inflation is lower and the output gap higher under the
endogenous markup case when compared with the constant markup case. This could be defined
as a relatively countercyclical movement*. However, with respect to the flexible price case,
output gap still increases along with inflation, and stabilizing one of these factors also implies
stabilizing the other’.

The rest of the paper is organized as follows. Section 2 formalizes endogenous markup
setting. Section 3 explains the baseline model that I accommodate both the endogenous and
exogenous changes in markup, and makes the comparison of their results. Section 4 analyses

welfare implications and optimal policy under endogenous markup setting.

2 The Analytics of the Endogenous Markup Setup

Following Kimball (1995), to create an endogenous markup consumption aggregate C} is defined

as

1 .
/w(ctc(f))dz' —1
0 t

Ct(’i)
C
0. When 6 is constant and does not depend on the value of z (the assumption of constant

where 1(1) = 1 and ¥ (x) is a strictly increasing and concave function for all x;(i) = >

Kimball and several other researchers use this setting to increase price stickiness and obtain real rigidity in their
models

4This occurs as the short run AS curve is less steep now. Therefore we have a smaller change in inflation
but a larger change in output

’The result continues to hold if a demand shock is used instead of a supply shock.



elasticity), ¥ (z) = 2~1/¢ and it implies Dixit and Stiglitz type consumption aggregator

1 0/6—1
Ct = /Ct(i)e_l/edi
0

The consumer problem is defined as (using ¢ = y)

1 1
min / p(p(i)di st 1= / w(ygf(:))di
0

0

This leads to the implicit demand curve (derivations are in appendix A)

s Y (7) N 0]
W) = P )

with elasticity
N 4(O)

As it can be seen this elasticity depends on the market share of a firm, (7). The markup (at

least for the flexible price supplies) is defined by the Lerner formula

ule) = o 3)

with elasticity €, (x(7))
Following Kimball(1995) and Woodford (2003), for an elasticity of markup with respect to

market share of the firm, x(i), I will only use its value at z = 1 and denote it by €;,

3 Model

The baseline model that I accommodate both the endogenous and exogenous changes in markup
follows Gali & Blanchard (2006). Firms use the production function

Y = M“N'™®  (inlogs: y=am + (1 —a)n) (4)

where N is labor input and M is other non-produced input that allows for supply (technology)
shocks within the model. Each good is non-storable and is sold to identical households, who
consume it in the same period. Hence, consumption of each good must be equal to output.

The marginal product of labor is

MPN = (1 —-a)Y/N (inlogs: mpn = (y —n) + log(l — a))



The utility of consumers is

N1ito
1+¢

U(C, N) = log(C) — exp {€}

where £ is preference parameter. This function implies marginal rate of substitution

U, —exp{¢} N?
MRS — — - — _ — =PI logs: -
RS 0. 1/C (in logs: mrs =c+ ¢n + &)

I start with the equilibrium under the flexible prices while maintaining the assumption
of imperfect competition in the goods market. Setting ¢ = y and using the equality pu =

mpn — mrs(= w) for markup®, we obtain

p=—(1+ @)ns. +log(1 - a) — €

where ‘2’ denotes second best (natural) level of the variable found by flexible prices. If we

combine the last equation with (4), it finds

Y2 —am

+log(l —a) — & (5)

which gives the second best level of output

(1-a)
Y2 = am + log(l—a) —p—¢
() (sl — @) — i =)

Now I turn to equilibrium with sticky prices. For the firms having sticky prices, deviation in
real marginal cost is reflected with a minus sign in their markups (mec; = —p,). Hence parallel
to the equation (5)

mey = (1+9) (5~ log(1 - a) + ¢ (6)

I use (5) & (6), together with (3), to derive NKPC (details are in appendix B.1)

A

m = BEt{m1} + m(mct + 1) (7)
where
(I—¢)(1—pBe)
BN S VA S
3
or in terms of outputs
_ (I—¢)(1—pBe) 1 (1+9)
T = BEt {m1} + . (5 +af) (1=a) (Yt — yr.2) (8)

S Markup is constant under flexible prices because firms are symmetric, which results in firms to move their
prices proportionally. This implies that there will be no extra demand for any of their products



"Both equations (7) and (8) show that we end up with no trade-off; stabilization of the output
gap is still equal to stabilization of inflation. Using an endogenous markup has just caused an
increase in real rigidity as is used in the literature.

Instead of being endogenous, if the change in markup results from any direct exogenous
effect (as it is used in the literature), then the NKPC equation could be written as (in appendix

B.2)
= BEt{m1} +

(me + p) + ] (e — 1) 9)

A
(1+ ab) (1+ab

or

1= BEL {min} + m)\aa)(mct + ) (10)

implying that not only deviation from flexible price equilibrium, but also a change in the
existing markup plays a distinct role. Equation (9) explicitly shows that the shock to p, — p
should be either confronted with an increase in 74, or a decrease in mc;, which means a decrease

in y

4 Optimal Policy

We used equation (5) to derive the second best level of output under endogenous markup

setting.
(1-a)
o= am + (1 log(1~ ) — = )
Efficient (first best) allocation can be found by setting u =0
(1-a)
hence (1 )
-«
— oy — =9 12
Y1 — Y2 1+ ) K (12)

So the distance between first and second best outputs is constant under the endogenous markup
setting with flexible prices, like the constant markup setup of Gali & Blanchard (2006). Thus,
utility losses associated with deviations from efficient allocation, y;, should remain parallel to
deviation from the flexible price allocation, ys. This implies that the optimality of the monetary
rules derived for the equation (see Gali (2008))

e = BEt{m1} + (Yt — Ye2)

"If €,(z) is not approximated by €}, the solution implies

A

= BEt
™= fEt{m} + eu(x) /€l + €5,0" + ab”

(mer + p)



should be still valid. The only difference is that now

(1—e)d —pe) 1 (1+9)
€ (1+e0" +ab”) (1-a)

K =

instead of the one implied by constant elasticity of demand assumption

(1-2)(1—pe) 1+¢)
£ (1-aw)

R =

Thus optimal policy should still target flexible price output and zero inflation.

Evaluating monetary policies under the endogenous markup setting should be equivalent
to doing the same under any effect increasing price stickiness and creating real rigidity, but I
abstract myself from doing so and do not go any further. However, it seems the appropriateness
of any monetary policy now should benefit from less variance in inflation, but should suffer more

from the variance in the output gap.

5 Conclusion

My motivation for using an endogenous markup was to create an output gap inflation trade-off
with a more realistic model than the one with an exogenous shock. The purpose of using an
endogenous markup in the literature is to create price stickiness, and its trade-off implications
seemed at first as a missing element not yet investigated. To this end I applied both endogenous
and exogenous changes in markup settings in a single macro model. However, my result suggests
that endogenous markup is unable to create the desired trade-off like an exogenous shock does.

I also show that with the endogenous change in markup flexible price markup is unaffected.
Hence, the model does not create welfare losses for the flexible price equilibrium, and targeting
this equilibrium is still the optimal policy as it is equivalent to stabilizing the welfare relevant

output gap.
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APPENDIX

A-Derivation of Demand Side Equations

t

1 1 )
min / Py (i)di st 1= / ¢(y§9))di
0 0

taking derivative with respect to (i) finds

1
Y;

N / yt(z)
pe(i) = M( Y, )

where is A the Lagrange Multiplier. By calculating this equation at p;(i) = P, and y(i) = Y,
we find

PrYy
SRTEy
hence the inverse demand equation for good i is defined as
N ;Y (1) 1
pe(i) = P’ Y, )wl(l) (1)
Rearranging the elasticity of demand
AN 731/7&(@')/%(@') _ 7pt(i) 1
) = = G, 6) ouli) ~  31(3) e/
and inserting p;(7) and Op(i) /0y (i) into it
) Ye(4) 1 0]
doin L vwm 1 YD) ),
i (1) Pw”(yt(i))l 1 yi(i)/ Yy W'(M) x4(1) " (4(1))
Y e () Y,

Finally, log linearizing around the steady state at z;(i) = 1 we have the familiar demand

equation for monopolistically competitive markets

ln(ygf(f)) =—0" ln(pg:)) where 0" =6(1)

” w(i)  pili) g
53 =)



B-Firms’ Profit Maximization Problem

Maximization problem of firms is (parallel to the baseline model of Gali (2008))

o9}
HIlDa*X Z EkEt {Qt,t+k: (Pt*Yz:+k/t - ‘I’t+k(Y{t+k/t))}
b k=0

where (1 — ¢) is the probability that the firm may reset its price (Calvo (1983)), Qitr =
BE(U(Cyyr) /U (C))( Py Piyy) is the stochastic discount factor, ¥ is the nominal cost function,
Y, 1/t denotes output in period ¢ + k for a firm that last reset its price in period ¢, and p* is
the optimal price set by a firm at time ¢. The problem is is subject to demand constraints
PF oy
Yiwn = (=),
st = ( Pt+k) bk

After taking derivative, I find
Z "By { Qe Yesrose(PF — 1(e(0) ¥} 4 (Yegsoe)) } =0

The derivative of the nominal cost function by, ¥} 1 Yigr /t), divided by P, gives the real
cost of marginal production. Hence, this equation, after dividing both hand side of the equality

by P;_1, can be written as

> Py P,
ZekEt{@t,Hkmk/t(P;l— (D)) MCpi ”k}:o

k=0

using Qg ¢+k = B* and Yiir/t =Y at steady state, and applying log linearization gives
oo
—pi1 = (1= 8e) Y _(Be)* By { iu(wrx()) + mépsnse + (Pran — pro1) } (11)
k=0

B.1: If deviation in markup is endogenous
The elasticity of markup with respect to the market share of the firm can be written as
ek (1) = €, (Y (D) — Yerr) = —€,07 (0" — Peyi) (14)

The real marginal cost can be written as

mee(i) = (Wi — pr) — mpne(i) = (Wi — pe) — [ye(2) — ne (i) + log(1 — a)]



If we take ny from equation (4), the previous equation becomes

me(i) = (we — pr) + a(ye(i) — my) — log(l — )

and
mCt+k/t(i) = (Witk — Petk) + a(yt+k/t(i) —mypg) — log(l — )

(wisk — prak does not depend on the decision of firm 4 at time ¢ as it depends on economy wide

labor market). Hence

MCyi gyt = MCoyk + WYpphst — Yerk) = Mk — 0™ (p* — prik) (15)

Inserting equations (14) and (15) into equation (11) and rearranging the equation finds

o
p; —pi—1 = (1 = Be) Z Be)F By {méyir — (€,0" + a0*)(p* — prok) + (Pesk — P1-1) }
k=0
by adding (+)(e€;,0*+ af*)p;—1 to RHS of the equation, it becomes
pi—pi1 = (1-82) Y _(Be) By {mér ik — (0" + ab*) (0" — pr—1) + (1 + €40" + a0*) (prar — pr—1) }
k=0

now collecting the all p; —p;_; terms at the LHS and then divide the equation by (1+6:10* +ab"),

1
1+ €,0" + ad”

oo
pi—pia=(1—-Be) ) (Be kEt{ )mét+k+(pt+k—pt_1>}
k=0

similarly, E(pf,; — p¢) can be written as

o0
1 N *
Ey (pt+1 1 - 55 ; { 1+ = “0* 1 0*)mct+1+l + (pt+1+l - pt)}

combining the last two equations

1

pp = pim1 = (1= 52) (1+€0" + ab”
m

)mCt + BeEy(pip1 — pt) + (1 —€)(pf — pr—1)

using m; = (1 — €)(pf — pt—1) (saying that inflation is determined by the number of firms able

to set their prices to the optimal level), the last equation becomes

1= BB {rya1} + (1—5)(51—ﬁ5) 1 .

7
(L+eb +ab) (7)

10



inserting equation (6) and its flexible price equivalent into equation (7) finds that

(1—¢)(1 - Pe) 1 (1+9)
3

Tt = /BEt {ﬂ-t-i-l} + (1 ¥+ 6:10* + 049*) (1 — a) (yt - yt,2) (8)

B.2: If deviation in markup is exogenous

Equation (11) combined with equation (15) gives
o)
pi —pi1 = (1= 52) > (B) B { uu + méryr — ab(p* = peyn) + ek — pe1) }
k=0

adding (£)(af)p:—1 to RHS of the equation, it becomes

[e.9]

p; —pi—1 = (1 = Be) Z BV By { iy + mérin — (a0) (0" — pe—1) + (1 + @) (Prsk — pe—1) }
k=0

collecting all the pf — p;—1 terms at the LHS and dividing the equation by (1 + af), I get

> 1 1
i — pi—1 = (1 — pe) Z(ﬂe)kEt {Wﬂﬂrk + mméwk + (Pr+k _pt—l)}
k

I
=)

similarly, Ey(pf,; — ps) can be written as

o
1 1
* l ~ ~ *
Et<pt+1 —pt) = (1 - Be) ;(55) Ey {MMHHZ + mmctﬂﬂ + (D141 — pt)}
Combining the last two equations

iy + (1 — Be)

1
Pi—Pi—1 = {(1 — B@m#t

1 P *
At ag) ™+ OB L —pe) + (1= ) (pF — P 1)}
finally using 7 = (1 — ¢)(p; — pt—1), I obtain

m = fEt{m1} +

(1+ aﬂ)mct * € (1+ab) He

(1—¢e)(1—pe) 1 R (1—¢e)(1—pe) 1 R
€
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