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Abstract

I present a theoretical framework that features contractionary productivity dis-
persion shock which is a result of the interaction between substitutability of supplied
labor and demanded goods. I introduce information friction as a source of nominal
rigidity to study the impact of the productivity dispersion shock on the conduct of
monetary policy. In particular, I assume firms have incomplete information about
the productivity dispersion when they set the price. I show that in the environ-
ment with nominal rigidity, replicating full-information flexible price equilibrium is
always feasible and optimal, however, the optimal policy is not an inflation targeting
policy. The optimal monetary policy is the policy which eliminates the dependence
of the idiosyncratic nominal variables on the unknown productivity dispersion and
as a result makes the information friction irrelevant.
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1 Introduction

Originated by Bloom (2009), a growing branch of literature studies the impact of the
second moment shocks on business cycles. Berger and Vavra (2017), Jurado et al. (2015),
Baker et al. (2016) and Fernandez-Villaverde et al. (2011) are among papers that show
that second moment shocks are counter-cyclical. Many theoretical frameworks rational-
ize this evidence through wait-and-see effects!, risk premium effects? or precautionary
motives?.

Dispersion shock is one form of the second moment shocks that plays an important role
in business cycles. Kehrig (2015), Bachmann and Bayer (2014), Bachmann and Bayer
(2013) and Bloom et al. (2018) provide evidence that dispersion shocks are counter-
cyclical. Counter-cyclical productivity dispersion, which is a well established empirical
fact, is absent in many friction-less models. According to the well known Oi-Hartman-
Abel* effect second moment productivity shocks, due to the complementarity channel
between the productivity and factors of production, are expansionary in models without
friction. In this paper, in the first step, I build a friction-less model that departs from
the Oi-Hartman-Abel effect and features contractionary productivity dispersion shock.
The proposed model is based on a simplified version of the framework that is introduced
by Angeletos et al. (2020). In my static model there is a representative household consist-
ing of a consumer and a continuum of workers who supplies labour to a continuum of firms
that produce differentiated goods. I obtain the contractionary dispersion shock in the
friction-less model by introducing taste for variety and substitutablity, not only for the
consumed goods, but also for the supplied labor in the aggregate economy. For a small de-
gree of substitutablity of either supplied labor or consumption good, the dispersion shock
will be contractionary. The main intuition is that for small values of substitutablity, the
model converges to the Leontief environment. As a result, the standard complementar-
ity channel between factor of production and the productivity is broken and the second
moment shock is not expansionary anymore.

In the next step, I study the impact of the dispersion shock on the conduct of the op-
timal monetary policy by using the information fiction as a source of nominal rigidity.
Information friction refers to the scenario that at the time that firms set the price, they
have incomplete (and not asymmetric) information about underlying aggregate produc-
tivity dispersion. Chosen prices are fixed and can not be updated after receiving more
information. Following Angeletos et al. (2020) I will call the scenario in which the model
features information driven nominal rigidity sticky price and the environment in which
the price is set with complete information flexible price. Using information friction as a
source of nominal rigidity is not the contribution of the paper, it has been widely used
in the literature before ®. The main contribution of the paper is the introduction of the
uncertainty about the dispersion when prices are chosen.

In addition to the information friction, the model has another source of the distortion
and that is the monopolistic competition. Please note I refer to the environment with-
out information friction as friction-less because the welfare loss due to the monopolistic
competition can simply be eliminated by implementing the standard optimal fiscal pol-

see Bloom (2009), Bachmann and Bayer (2013) .

Zsee Arellano et al. (2016) and Christiano et al. (2014).

3see Basu and Bundick (2017), Leduc and Liu (2016) and Ravn and Sterk (2017).

4see Oi (1961) , Hartman (1972) and Abel (1983).

see Mankiw and Reis (2002), Mackowiak and Wiederholt (2009), La’O and Tahbaz-Salehi (2022)
and Angeletos and La’O (2020)



icy. Both monetary and fiscal policy makers are restricted and committed to follow
pre-determined rules which are contingent on the realized states.

It is a well known fact that in the absence of information driven nominal rigidity, mone-
tary policy is neutral. However, in the environment with information friction monetary
policy has real effect. I show that the optimal monetary policy is the policy that repli-
cates the full-information flexible price scenario, however, it is not an inflation targeting
(aggregate price stabilizing) policy. The policy that replicates the full-information sce-
nario is always feasible and basically eliminates the dependence of idiosyncratic nominal
variables on the aggregate dispersion shock and stabilizes idiosyncratic prices, however,
this policy does not stabilize the aggregate price level. In other words, this policy is
equivalent to the policy in the flexible price environment that makes the idiosyncratic
prices, but not the aggregate price, irrelevant of the productivity dispersion. So if in the
full information environment idiosyncratic marginal cost and prices do not depend on the
dispersion, in the environment with incomplete information, the unknown term does not
play any role neither and the information friction is eliminated.

Reducing uncertainty in the market and eliminating information friction as an optimal
policy is in contrast with “Paradox of Transparency” literature ®. The optimal policy
in my paper, that eliminates the information friction, is in line with Kohlhas (2022),
however, it is not optimal because of the increase in the informativeness of prices nor
reduction in the uncertainty of the central bank.

The structure of the paper is as follows. In the section 2, I introduce the baseline model
without any nominal rigidity and study the equilibrium. In the section 3, we see how we
can obtain the contractionary dispersion shock in the friction-less model. In the section 4,
I introduce information friction as a source of nominal rigidity and study the equilibrium.
In the section 5, I study the optimal monetary policy in the environment with nominal
rigidity and finally I conclude in the section 6.

2 Baseline model without nominal rigidity

In this section I present the baseline full information model in which there is not any
source of nominal rigidity. I show how the interaction between substitutability of sup-
plied labour and demanded goods can generate the contractionary productivity dispersion
shock. The model is based on Angeletos et al. (2020).

2.1 Environment

The model is a one-period and static.

Household:
There is a representative household consisting of a consumer and a continuum of workers
who supplies labour to a continuum of firms, indexed by i € I = [0,1]. The household
maximizes the utility:
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6see Morris and Shin (2005), Amador and Weill (2010), Ou et al. (2021) and Gaballo (2016).




where C'is the aggregate consumption basket, IV is the aggregate supplied labour and %
is the real money in the utility. v > 0 parameterizes the income elasticity of labor supply
and the risk aversion, € < 0 parameterizes the Frisch elasticity of labor supply ” and 6 > 0
parameterizes the convexity of the utility with respect to the real balance. Aggregate
consumption, labour and price are determined by the following CES aggregators.

1
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where ¢; is the consumed quantity of the commodity produced by the representative firm
1 at the price p; and p > 1 is the elasticity of substitution between different consumed
goods. n; is the supplied labor for the production of the good that is produced by the
firm ¢ with wage w; and w < 0 is the elasticity of substitution between different supplied
labors.®

The representative household receives labor income and profits from all firms in the
economy. Its nominal budget constraint is thus given by:

I I I
where M is nominal demanded money, II; is the profit from the firm 2.

Government:
There is a government which collects tax and redistribute it in a lump-sum fashion. In
the household’s budget constraint 7 is the constant tax rate on the labour income and T’
denotes the lump-sum redistribution tax ?. The government plays the role of the central
bank at the same time and supply the nominal money M !°. The government’s budget
constraint is:

I

Firms:
The output of the representative firm in island i is given by:

Y = Ay

A; is the productivity of the firm i and n;, which is the only factor of production, is
demanded labour for the production of the good i. Firms produce differentiated goods
in monopolistic competitive fashion. The firm’s realized profit is given by:

T = PiYi — Will;

Markets clearing;:
Labour supply in each firm i is equal to the labour demand at the market clearing wage

"Please note _Tl is the Frisch elasticity of labor supply.

81 assume the household does not only have a taste for variety for the consumption good but also the
supplied labor.

97 is always chosen optimally such that the monopolistic competition distortion will be eliminated.

10The monetary policy rule will be discussed in the section of the model with nominal rigidity.
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w;. Demand and supply for the produced goods of each firm i are equal at the market
clearing price p;.

Idiosyncratic productivity shocks:
As it was mentioned earlier A; is the productivity of the firm i. It is log-normally dis-
tributed in the cross-section of firms:

52
a; =log(4;) ~ N (6 - —,02>

o? 2

Idiosyncratic log-productivities are centered around @ — % and o captures the degree
of dispersion in the productivity between different firms. This form of distribution guar-
antees that the second moment dispersion shock is only second moment shock and is
not affecting average productivity E(A;) = exp(a). @ is predetermined and known to
everyone. o2 ~ IG(ap, By) is drawn from the Inverse-Gamma distribution with the shape
parameter oy — oo and the scale parameter 5, — oo such that 2_3 — o2 1. In the
baseline model without information friction, firms perfectly observe the realizations of o2

before price setting 2.

2.2 Equilibrium

The equilibrium consists of the optimal allocations of labor, produced goods, money
demand, prices and policy instruments such that:

e The representative household maximizes the utility subject to the budget constraint
taking prices and wages as given.

e Firms maximize their profit subject to the demand constraint taking prices and
wages as given.

e Prices and wages are set in a way that all markets clear.

e The government maximizes the ex-ante expected welfare given the optimal actions
of firms and the representative household.

Now let us find the optimal actions by different agents to characterize the equilibrium.

Households:
The representative household maximizes the utility '3

_ e MN\1-6
c' -1 N! —1+(?) —1
1—7 1—e¢ 1—-9

U:

1 The assumptions about values of parameters ag and 3y guarantees the existence of the moment gen-
erating functions. Moreover, with this parametric assumption firms will not have any form of dispersed
or asymmetric information after observing realizations of a;, in another word there is no learning after
observing a;.

12The household always observes 2.

13Given the symmetry in the environment and the log-normal assumption, the welfare is well defined
in the closed form. Please find its expression in the appendix.



subject to the budget constraint

1 1 I

Following the standard optimization problem that is presented in the appendix, we will
obtain the consumption basket as:

pi

i\
— (= 1
r=(2) g
which is standard given the CES assumption. Moreover, the labour supply (labor basket)

is given by:
(1 —7)w; <n2>—i
(X 2
W N (2)
The second order condition holds as long as w < 0 which implies that higher labour will
be allocated to the firm with higher relative wage.

Finally the optimal money demand will be:

()

Firms:
Firms maximize their profit 7; subject to the consumption basket (1). In the absence of
information friction the optimal price setting will be:

P W;
=t = 4
s s (4)
which is standard price setting equation and implies the optimal price is the mark-up ﬁ
multiplied by the marginal cost Z_@

Government:

As it is shown in the appendix, in the baseline model without information friction, real
variables are pinned down regardless of the conduct of the monetary policy so the mone-
tary policy is neutral and does not have any real effect. Therefore, the government only
chooses the optimal tax rate 7 such that given the optimal decisions by households and
firms, the expected welfare is maximized. The optimal fiscal policy eliminates monopo-
listic competition distortion.

Equilibrium conditions in closed form are provided in the appendix. As you see, given
the log-normal distribution and symmetric assumptions, all real and nominal variable
allocations are log-linear in terms of states.

3 Contractionary dispersion shock

As it was mentioned before the idiosyncratic productivity is log-normally distributed:

o2
a; =log(4;)) ~ N (d - 7,a2> :

6



Given @ and o? the expected value of the productivity will be:
E(A;) = E(e™) =¢"

Therefore, @ implies the average value of the productivity in the economy. Assumed
distribution of productivities guarantees that ¢ pins down the degree of productivity
dispersion in the economy without affecting the average value.

I study the effect of an increase in the productivity dispersion on the economy. Does
higher dispersion in the productivity results in higher output and employment or not?
As it is shown in the Appendix, the aggregate output can be expressed in terms of the
average aggregate TFP @ and the TFP dispersion o

log(Y) = log(C) = Cy + Caa + C,0?

CAzl—e | Ca:—(l—e)[1+w(p—2)]

Ve 20— @) (71—
C, is always positive. In another word, higher average TEFP implies higher output.
However, based on the model parameters C, can be positive (expansionary dispersion
shock) or negative (contractionary dispersion shock).
For small values of the elasticity of substitution of labor (w close to zero) or small values
of the elasticity of substitution of consumed goods (p close to 1), the coefficient C, will be
negative and we will obtain contractionary dispersion shocks. The exact threshold values
for these elasticities are provided in the appendix. Contractionary dispersion shock is
a novel finding and is absent in standard friction-less models because of the well-known
Oi-Hartman-Abel effect.
To understand the main intuition for this result let us study the relative labor supply in
two different firms i and j:

—w(p—1)
p—w
Therefore, due to the complementarity effect, labor will be allocated to a more productive
firm given the fact that w < 0 and p > 1. Let us assume |w| converges to zero.!* It means
that we are converging to the Leontief environment in which the labour supply in all
firms are constant and equal to the aggregate labor supply. By this assumption basically

we are eliminating the complementarity effect between labor and productivity.

By assuming small values for elasticity of substitution of labor |w| and large values for
elasticity of substitution of consumption good p, the wage aggregator equation will con-
verge to simple uniform integration while the price aggregator will be same as before:

P:{[@ywmy; | vau—ﬂlﬁm

So given the mean preserving distribution of productivity and the law of large numbers,
the responsiveness of aggregate wage to the dispersion shock is equal to the responsiveness
of idiosyncratic wage to the dispersion shock. However, the responsiveness of aggregate
price to the dispersion shock is larger than the responsiveness of idiosyncratic price to
the dispersion shock. Moreover, the optimal price setting condition (4) implies that the
responsiveness of idiosyncratic price to the dispersion shock is equal to the responsiveness
of idiosyncratic wage to the dispersion shock. Therefore, after a positive dispersion shock,
the aggregate real wage % will decrease, which results in lower aggregate consumption
and higher aggregate labor supply.

log(n;) — log(n;) = (a; — aj)

4 The intuition for small values of p is similar.



4 Model with nominal rigidity

4.1 Environment and equilibrium

Firms can set the price optimally if they have complete information about the aggregate
states which affect their marginal cost of production. Now, I introduce the information
friction as a source of nominal rigidity. In particular, I assume firms have incomplete
information about the productivity dispersion o? when they set the price '°. Prices are
chosen based on firms’ expectation about ¢? and can not be updated afterward. In
contrast to Angeletos et al. (2020) and Angeletos and La’O (2020) firms have complete
information about the aggregate productivity @ and the only source of uncertainty is the
productivity dispersion 2. All firms share the same prior about the unknown disper-
sion. In particular, it is assumed that the dispersion is drawn from the following known
distribution, but its true realization is unknown for firms:

B0_>OO7

o? ~ Inverse — Gamma(ayg, fy)  s.t. gy — 00,
Bo

2
ao—)O'O

Parametric assumptions above guarantee the existence of moment generating function for
the unconditional distribution of idiosyncratic productivities. Moreover, with this para-
metric assumption, firms will not have any form of asymmetric or dispersed information
after observing the realization of idiosyncratic productivity a;, in another word they will
not learn from idiosyncratic productivity a;.

So how do information friction and nominal rigidity affect the equilibrium conditions?
Please note all assumptions are similar to the baseline model that is presented in the pre-
vious section and the only departure from the baseline model is the introduction of the
information friction about productivity dispersion. Therefore, the only condition that is
different from the baseline model is the price setting condition. As firms have incomplete
information about the aggregate state, the objective of a firm is to maximize its expecta-
tion of the representative consumer’s valuation of its profit subject to the consumption
basket (1), namely:

U/(C) Di . C; _%
e E[ P (piyi_wini):| s.t. 5= <5>

As it is shown in the appendix the profit maximization results in the following price

setting condition:

A p Cov [“hn, ] + E(w;)
i = = W;

b Ailp=1) g [wm] Ai(p—1) E [U/(C)ni]

P P

()
This equation is equivalent to the equation (4) with the only difference that instead of the
true realization of the marginal cost w;, we have new expectation terms which is referring
to the covariance channel between the marginal cost of production and the factor of
production (risk channel) in addition to the expected marginal cost. You can easily see
if the wage does not depend on the unknown productivity dispersion, equations (4) and

5 However, the household has complete information about the productivity dispersion.



(5) will be identical. We will come back to this in the next section when we study the
optimal monetary policy.

In order to find the equilibrium conditions in the model with information friction, I use
the standard guess and verify approach. Because of the symmetry in the environment
and log-normal assumption, it is easy to show that all variables are log-linear in terms
of the known states. In particular, I guess following policy functions for the household,
firms and the government:

e Household’s policy functions:

— log(n;) = ng + naa; +naa+ n,o?. 16

— log(N) = Ny + Naa + N,o°.
— 1og(C) =log(Y) = Cy + Caa + C,0?.

e Firms’ policy functions:

— log(p;) = Yo + Vaa; + Yaa.
— log(P) = Py + Psa + P,o?.

e Fiscal Policy: log(1 —7) = 70.

e Monetary Policy: log(M) = m,o?.

and using equilibrium conditions verify that my log-linear guess is valid. The values of
16 unknown agents’ policy functions’ coefficients (excluding fiscal and monetary policies)
are determined and presented in the appendix. m, and 7y are policy tools in the control
of the government. Same as before, 7y is chosen optimally such that the monopolistic
competition distortion will be eliminated. Optimal monetary policy will be determined
in the next section.

Please note that the household has complete information about aggregate dispersion when
makes the decision about labor supply. That is why the dispersion appears in the labor
supply policy function but not in the idiosyncratic price function. Moreover, based on the
law of large numbers the aggregate values for labor, consumption and price are functions
of the productivity dispersion in the market.

Monetary policy’s response to known states such as aggregate average productivity a
does not have any real effect in the economy. In another word, as it was discussed in
the baseline model, the monetary policy response to known states is neutral. Therefore,
I assume the monetary policy rule log(M) = m,o? which only responds to the unknown
dispersion. This policy has real effect on the economy and is not neutral anymore. Specif-
ically, coefficients n,, C, and N, in policy functions depend on the monetary policy rule
My

16T only consider the labor supply in each firm, because due to the market clearing labor supply and
labor demand in each firm are equal.



5 Optimal monetary policy

As it is discussed in previous sections, monetary policy in the environment without in-
formation friction is neutral and only affects nominal variables. However, in order to
understand the optimal monetary policy in the environment with information friction, it
is useful to study the impact of the monetary policy on nominal variables in the friction-
less model without the information friction. In particular, let us study the effect of the
monetary policy on firms’ idiosyncratic nominal price and wage in the model without
information friction:

log(ps) = v+ ¥las + (my — Q) 0 + /47 = log(ws) — a; + log (L)
T p — 1

where ¢, ¥, ¥y and @, are constant functions of model parameters. You can find their
values in the appendix and the equation (6).

Consider a specific monetary policy such that m, = Qs which results in ¢, = 0. In
another word, for m, = @), neither idiosyncratic nominal price nor idiosyncratic nomi-
nal wage respond to the productivity dispersion. This policy eliminates the dependence
of idiosyncratic nominal variables on the productivity dispersion in the full information
environment.

Now, let us go to the environment with information friction, in which the monetary policy
is not neutral anymore. In order to determine the optimal conduct of monetary policy
here, we need to understand what the source of friction in the market is and how the mon-
etary policy can eliminate it. There are two sources of frictions in this environment; the
first one is the monopolistic competition distortion and the second one is the information
friction. The monopolistic competition distortion can be eliminated using the optimal
fiscal policy. So we only have one source of friction left and that is the information driven
nominal rigidity.

Monetary policy can easily remove this friction. As we saw before, the information fric-
tion only affects the firms’ price setting problem. So by removing the dependence of
idiosyncratic nominal variables on the productivity dispersion, the information friction
becomes irrelevant. This policy is exactly equivalent to set m, = ()s. By doing so, the
monetary policy eliminates the relevance of productivity dispersion both in the full in-
formation model and in the model without information friction. Please note that sign of
Qs is not predetermined and depends on many parameters that affects the cyclicality of
the dispersion shock and convexity of the welfare. Therefore, we can not conclude that
optimal monetary policy’s response to the dispersion shock is necessarily expansionary
or contractionary.

As mentioned above, the optimal monetary policy is the policy that makes the infor-
mation friction irrelevant. However, this policy is not an inflation targeting policy. In
particular, the optimal monetary policy is the policy that stabilize the idiosyncratic prices
pi- In this environment stabilizing idiosyncratic prices does not result in stabilizing the
aggregate price. Following the law of large number by aggregating idiosyncratic prices us-
ing the price aggregator, and because of the fact that idiosyncratic prices are functions of
idiosyncratic productivities a;, the aggregate price P will still depend on the productivity
dispersion o2, although idiosyncratic prices do not depend on the productivity dispersion
o%. In other words, although through optimal monetary policy we make idiosyncratic
prices irrelevant of o2 by making ¢/, = 0, because v/, # 0 after aggregating idiosyncratic
prices following the law of large number, the aggregate price will still depend on the
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unknown dispersion shock 2. Please also note that optimal monetary policy does not
depend on the agents’ prior beliefs.

In the figure 1 you see the ex-ante expected welfare for a given parameterization of the
model. As you notice, in the model with information friction for the monetary policy
mys = @, the expected ex-ante welfare is maximized and will be equal to the expected
welfare in the full-information flexible price scenario.
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Figure 1: Expected welfare in response to the monetary policy in models with information
friction and without information friction

6 Conclusion

In this paper I studied the impact of the productivity dispersion shock. By introducing
taste for variety and substitutability, not only for the consumption good but also for the
supplied labor, I managed to obtain the contractionary productivity dispersion shock in a
fiction-less environment. The contractionary second moment shock, which is a departure
from the well known Oi-Hartman-Abel effect, is a novel result and is derived when the
elasticity of substitution either for the labor supply or consumption good is small enough.
The intuition is very simple; by reducing the elasticity of substitution we converge to the
Leontief environment such that the complementarity channel between productivity and
factors of production is broken.

In order to study the impact of the dispersion shock on the conduct of the monetary policy,
I introduced information friction as a source of nominal rigidity following Angeletos and
La’O (2020), Angeletos et al. (2020) and La’O and Tahbaz-Salehi (2022). In particular, I
assumed firms have incomplete information about the productivity dispersion when they
set prices of their goods.

I showed the optimal monetary policy is the policy that eliminates the dependence of
the idiosyncratic nominal variables on the productivity dispersion. This policy basically
replicates the flexible price full information equilibrium, however, it is not an inflation
targeting policy. My result is in contrast to the well-known “Paradox of Transparency”
literature.
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A Appendix 1
Al

Baseline model without nominal rigidity

In this section after summarizing the model without nominal rigidity, the optimal condi-

tions will be derived:

A.1.1 Environment:

Household:
o Utility:
O -1 N (M) 1
1—7 1—e¢ 1—-9
e Aggregation:

—w

N= [/J(ni)w;ldz’] ow

Household’s Budget Constraint:

Government’s Budget Constraint:

[/1 (p:) " dl} -

1

- | 1o = rpea]

1 I 1

I

Firms:

e Monopolistic Competitive Firms producing differentiated goods:

yi = Ain;
e Profit Maximization Problem:
_1
Ci=Y; P
max py; —win; St b Aina
Ping e v ) P C
_1
Ci=Yi P
A
=Y R i
e U e
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A.1.2 Optimal Conditions:

I summarize the main optimal conditions here. The details of the optimization are pro-
vided in the appendix 2.

Consumption basket:

b ()7
P C
e Labour supply:
(1—7)w; (nl> = P O
w N W N
e Money demand:
M\ ?
- — O
(%)
e Price setting :
_p w;
=27 4

A.1.3 Equilibrium:

Using above equations we can easily find the equilibrium in a model without the nominal
rigidity 7. Start from the consumption basket equation. From the market clearing and
after some rearrangement we will have:

1—
D; ’
P-r

C = p;Ain; — Integration — PC = /piAml-di — Price Setting — PC = Ll w;n;di
p R

In the same way we will obtain the following condition from the labour basket:
NW =(1-r7) /wmidi

So:
PC p Ccl= )
f— L p—
WN (=D =7) — Labour Supply — = e

Next, by dividing the consumption basket by labor supply we will have:

Di 14 (%)_71 p N1-e (%)_71 N (Aznz)% ot
w; P(l—T): ni\ = — ( —1)A'Cl—w(1_7—): NS - 1 :Nl;w
1 (%)~ P (%)~ Ain? ’
l1=p w—p e wﬁ,l:p) w(p—1)
Azlp n; o= 1:; n; = Cp(1_/:;) A’L wp_p

w N o=p

17Guess and verify is the standard approach in this literature to find the equilibrium. However, in the
friction-less model for a better illustration, I find the equilibrium directly without using guess and verify
method. I use this approach later in the model with nominal rigidity.
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w

A e : .
We know N = [ | ;(ng) = dz} ' s0 by integrating n; and after some rearrangement we

will have:
(w=1)(1—p)

N1 w-—» (w=1)(p=1)
— = [ A “7 di

Using the law of large number and the mentioned distribution for A; we will see:

(w=1)(p=1) (w=1)(p=1) (=~ o2\, (w=1)2(p—1)%02
/ A g = S (e
I

(2

So

g = ea—i_[(wilz)jzil)_l]fri;
N
We have already found:
rPC _C' )
WN Nl (p—1)(1-1)
So ,
(1—y)at [0 ] B0 ey P
e w=p = —
(p =11 —7)
ZW(—fﬂtr) 1 —i 9
log(N') — D) . a1l . (=Dl +wlp-2)] ,
— STy gt/ 2(w —p)(e =)
~"~ SN~ ~~
No Na N
And we can easily find log(C):
log (%) 1 — i —2
log(C) = jﬁﬂ) N E— - +’(Eﬂjgié@ )Hg
N T Nt/ . P
Co Ca Co

After finding aggregate real variables we can easily find the idiosyncratic real variables:

w(1l—
L*pp) w(p—1)
— w=p
n; o A, —
w—p

log(n;) = w(l —p) Cy— pl—w) Ny + (MCA — MNA> a-+

w—p w—p w—p w—p
1— 1— 1

(w( p%%_p( wb%)&+ww %i
w—p w—p w—p

and log(c;) = a; + log(n;). As you can see all real variables are determined regardless of
the monetary policy. Therefore, in the framework without nominal rigidity the monetary
policy is neutral.

Regarding the nominal variables, from the money demand equation you can easily see that
the aggregate price is pinned down by the monetary policy and aggregate output P = CM%
and by replacing it the consumption basket we can easily find the relationship between
nominal wages (both the idiosyncratic and the aggregate) and the monetary policy and
real variables. Finally form the price setting equation, by replacing the idiosyncratic
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wage, you can easily find the relationship between idiosyncratic price and the monetary
policy and real variables:

Qs
—7Cy 1-w Ta=-p'2 ~C, .1 C
log(pi) = o a; + | my — (1= p)vs 4+ _ Y o+ _¢a_’7_f“ a
) w—p 2 ) 2 )
~— , N - P
%o W, ; o
v,

log(w;) = log(p;) + a; — log (%)
[ assume the monetary policy follows the rule log(M) = m,o?. The intuition for this
policy rule is provided in the section of the model with nominal rigidity. As you can see
Y! is always negative which means more productive firms set lower prices.
Now let us go to the optimal fiscal policy. After finding the equilibrium allocations, we
can express the ex-ante expected welfare of the government, before realization of the
shock as follows:

Clr -1 Nte—1 o (M)
E(U)_E< 1—~v  1—c¢ TS -

1—~ B 1—¢ + 1—6

(e(l_y)(c‘“%awﬂ% 1 eU-OWokNATHNG?) _ ] o(1-0)[750+ 7 GAT+ 25202 _ 1)

o1 (CotCattCaod) _ | pA-(No+NaTHNs03) _ | o(1-0)250+7%4a+2%252) _ ¢
1—7 1—ce¢ + 1-96
I use the standard Normal-Gamma prior. It is well-known in the literature that if the
conditional distribution of the variable z is normally distributed z|o* ~ N(u,0?) and
02 ~ Inverse — Gamma(ayg, ), then the unconditional distribution of the variable x
is not normal anymore and will be distributed according to the fatter tail student’s t
distribution = ~ tau, (1, 05). We know that the moment generating function for the
student’s t distribution does not exist, so in general the expected welfare above is not well
defined. However, by assuming the parametric assumption that oy — oo and [y — o0,
the degree of freedom for the student’s t distribution goes to infinity and we converge to
the normal distribution. Moreover, as 5—‘; — 03, the expected welfare converges to a finite
value.
By assuming log(1 — 7) = 79, we can express the optimal fiscal policy as:

OE(U)/0m =0 — e(1=N(CotCaatCood) | Y052 (CotCaatCood) | _ (1-6)(No+Naa+Noop)

And after replacing equilibrium values for policy functions’ coefficients we can numerically
find the optimal fiscal policy which eliminates the monopolistic competition distortion.

A.1.4 Contractionary Dispersion Shock

From the previous subsection we know log(C) = log(Y) = Cy+ Ca+ Cy0?. It is easy to
see that C'4 is always greater than zero which implies higher average TFP will increase
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the output. How about C,?

(1—¢)[l +w(p—2)]
2(p —w)(y —€)

We know € < 0, p > 1 >0 > w and 7 > 0 > e. Therefore, you can easily see that
there exists a value w* = p%lz, by assuming p > 2, such that for w* < w < 0 we will
have C, < 0 or in another word, contractionary dispersion shock. In the same way, there
exists a value p* =2 — % such that for 1 < p < p* the coefficient C, will be negative.
Either of these two conditions imply that we need a small degree of substitution for labor
or consumed goods to be able to have a contractionary dispersion shock.

Cp=—

A.2 Model with nominal rigidity
A.2.1 Optimal Price Setting Condition

Let us study the profit maximization problem of a firm:

U/<O) Di . C; _%
e E[ P (piyi_wini)] st 5= <5>

After replacing the production function ¢; = y; = A;n; in the consumption basket we will

have: opr
— NP
1 ( A, ) (pl)

And then plugging it into the firms problem:

/ ) .
E [U (©) <_ppiAiE + Aini + Pwi&>} =0
P Di i

pi = ;
Alp—=1) g [—U}f) n}
A.2.2 Equilibrium

I use guess and verify approach to determine equilibrium conditions. 1 guess following
policy functions for agents and the government:

e Household’s policy functions:

— log(n;) = ng + Nea; + naa + nyo?.

— log(N) = Ny + Naa + N,02.
— log(C) =log(Y) = Cy + Caa + C,o?.

e Firms’ policy functions:
— log(pi) = Yo + Yaa; + Y aa.
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— log(P) = Py + Paa + P,0°.
e Fiscal Policy: log(1l — 7) = 7.

e Monetary Policy: log(M) = myo?.

and plug these functions in the aggregation and optimal conditions using the market
clearing in order to determine 16 unknown coefficients (excluding policies’ coefficients):

e Aggregate consumption:

P

— —1 pj
pCo+Caa+Coo? _ [ / (yi)pT dz} —  Market clearing —
I

P

1 . 2
— . p—1 p—1 . ) — 2 p—1
{/ (eai+(no+naai+n,4a+n002)> P dz} — {/ (67[a1+(no+naaz+ma+naa )]) dz}
I I

[no-+nAG+7002] e=1aif 4, et
elnoTnAGT e <e z “ ) di —  Law of large numbers —
I

= [1+”7«a]2(.0*1) 0'2
6[n0+nAa+n002]€[1+nu}a+ [*ﬁ 717nu.:| %5

After matching coefficients we will have:

(p=D+n* 1+4n,

Ca=ng+na+1 , C,=n,+
2p 2

o Aggregate labor:

eNo-&-NAa—f—Ngcr2 _ |:/ (nz)“’Tf1 d2:| w1 _ [|:/ (e“’Tfl[no+naai+nAE+ng02]> dZ:| vt
I I

w 2
- ; w=1 at | Pale=D
eno+nAE+ngo'2 {/ (6%> di] _ en0+nAa+nga2 enaa-&-{ » na}
I

After matching coefficients we will have:
NA:na+nA 3 Nazna+—a__ )

e Aggregate price:

1 1

€P0+PAE+P002 — [/(p@)lpd’l:| e — |:/e(1,0)(¢0+¢aai+¢Aa)di:| o — eYotvaa {/ e(lp)[¢aai]di:| e
I I I

_ ptotdat  aa+[(1-p)iR—va] G
After matching coefficients we will have:

_ 2
PAZI%‘HM ) Pcr:(l 2p)¢a_%
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e Money demand:

65P0+5PA6—5(mg—Pg)0'2 — 6—’Y(CO+CA6+C<70'2)
After matching coefficients we will have:
—6Py=7Cyq , d(me—F,)=~C, , —6P=7Cy

e Consumption basket:

—p( log(pi) —log(P) ) =log(y:) — log(Y)

-~

Va(ai—a)—[(1-p)¥2—Ya] G

log(y;) —log(Y) —  Market Clearing — = log(A;) + (log(n;)) —log(Y) =
a; + [no + na@; + naa +n2) — (Co + Caa + C2) =
[1+ng)a; + [na — Cala@+ [ne — Cy]l 0 +no — G
Here after matching coefficients we will obtain only one new equation:

_p¢a =1 + Ng

e Price Setting:
Using the consumption basket, labor basket and market clearing conditions after
replacing the idiosyncratic wage w; in the price setting condition you can easily see:

plom ()2 2 gyt W) p (e BT
P p—1 1—7 p—1 1—7

I first express the left hand side of the equation in terms of states:

5 <01_7 <zﬁ>1p) _ & (6(1—'y)(Co—i-CAa—O—CUUQ)—i-(l—P)(’¢'a(ai—a) [(1=p)w2— wa]"z)) _

P

(1=p)?93 | (1=p)iba
(1= Co+(1=p)aai+[(1-7)Ca—(1-p)Pa]a E<e|:(1—'7)c(r—;;+g:|a—2)

Rearranging and taking log of the left hand side:

(1=p)Yqai+[(1=7)Ca—(1=p)t]a+(1—v)Co+ {( —)C, — (1—p)*a (1 - )?ﬁa} 52

2 2 0

And then let us go to the the right hand side

w—1
P E Nl—e (%) i
p—1 1—7

—_1)n2 2
—10+(1—€)[No+Naa+Nyo? +—(na a;—a {ana} ”—)
elog<p%1) Ele 0+(1—€)[No+Na ] [ai—a]— " 2

(@=1)%nj | (w—Dna

_ _(w=Dng | (w—1)na | _2
elog(p%l) 6—70+(1—6)No+w771naa¢+[(1—e)NA—%4na]6 E (6[(1 )N 20,2 2w }U )
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Rearranging and taking log of the right hand side:
-1 —1
[w na] a; + {(1 —€)N4y — d na] a
w w

+log (ﬁ) — 704 (1= )Ny + {(1 — )N, — (= 1)ng M Ch 1)n“} o2

After matching coefficients we will have:

(1= pa=""Tn . (=)Ca— (== (1 - INs— I,
7 (1 _’Y>CO + |:(1 —’Y)CU . (1 _2p) ¢a + (1 —QP)%] 0_(2) _
log (/%) — 10+ (1 —€)No + {(1 —€)N, — (w ;;2)27& + w ;:)na} op

So we obtained 16 linear equations to determine 16 unknown coefficients. Using basic

algebra we can easily solve this system and find the coefficients. I first remind you the
policy functions:

e Household’s policy functions:
— log(N) = Ny + Nja + N,o>.
— log(C) =log(Y) = Cy + Caa + C,o2.
— log(n;) = ng + Nea; + naa + nyo?.

e Firms’ policy functions:

— log(pi) = Yo + Vaa; + Y aa.
— log(P) = Py + Psa + P,0”.

and then I present obtained coefficients:

e Aggregate consumption:

1— 7/’3 a
=1 00_5[’””_%*%
€~ 2!
__ ! P (w—1)"ng (1—p)*¢a
Co= = {log (p — 1) To + {(1 €)N, 52 (1—=7)Cs + 5

e Aggregate labor:

—1 — Dy w—1
Na=Cy—1=1 Ny=C, - e w1

Ny = C
e—vy 2 * 2% e + ’ 0 0
e I[diosyncratic labor:
1 —1n? n,
Ng = W(p ) ; na=Na—ng nU:Na_(w )na+n_ ) no = No = Cp
w—=p 2w 2



e Idiosyncratic price:

l—w C
= S ba=—ta— Tt d =R
w—p )
e Aggregate price:
1 — p)? a —C
Pamtutvy , B=U"P to - p_ 210

B Appendix 2

B.1 Optimization problems of agents

Household:
I use Lagrangian method to find the optimal decision for the household:

Clr—1 N1 (M)
1—x 1—e¢ 1-9 I I I

First order conditions with respect to different control variables imply:

. chi :
oC G\ 5
o pi=C (—’)”—Al_o
oc; P C b
Define /picldz =X,
I
1 -1 p—1
C7F ¢ " =Aep = O /ci"dz:)\Xc = O 0% =X, =
I
. -1 Ol _1 e Cl=ppl=r oL
—y+= _ p pl _ pz _
CT7h gt = X Di =¢ X = Pic; X X, = X7
= cl-—v o
XC pr— C l_pd = CP s >\ = S —
T © P
- CL;lpz Di G\
P = == — =|(—=
< PC P <c>
. gfi
ON N\
P ()7 Ao
Define: /(1 — T)wndi = X,
I
_1 w—1 ]\[1_E
N—¢s nll v = A1 —T1)wn, = N~ NS =X, = )\= e

181t is easy to see that the second order condition holds as long as w < 0.
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. -1 Nl-e =2 N (l1- i
N-G‘Q‘; nlw — Xn (1 _ T)wl = nzw — ()(n T)w =
Nl—w 1 ; 1—w
(1 - P, [( 7:)71) ]
W
e N-—¢
Xl = Nyl /[(1—T)wz]1_wdz =X, =N (/[(1 — )w;]! wdl) =NW , A=
I I w
N1 — 7)w| ™ (1 —7)w; ni\ o
i = == J—
" (NW)— W (N>
n\= O N—P ni\ =
N~° (—2) = —1-7)w; = i = (_Z>
N p (L= YT -n \W
) 1 -y 1 pPCY
N~¢e n. v = /\(1 — T)UJZ = D (1 — T)wz = w; = N_E—i_% n; ¢ 1—71

oL .
[ ] a_M . s 5
(%) AN
P — )\ et J— — -
iz 0 = (P) C
Firms:

From the consumption basket we know:
cpr —p
= () o)

so maximizing the profit m; = p;y; — w;n; result in:

871'@/8172 .

W;
(I=p)+p—=0 = p 1A

7
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