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Abstract

We study the asset-pricing implications of changes in the variety of consumption goods which happens through free entry and
exit of firms. Fluctuations in varieties drive a wedge between the measured and model-based (including variety growth) con-
sumer price index making the pricing kernel as well as asset prices more volatile without driving up the volatility of consumption
growth. Different from earlier endowment economy models of variety growth our model contains production which i) gener-
ates the correlations important for the explanation of the high mean and volatility of equity premium endogenously, and ii)
leads to an increase of about 140 basis points in the risk-premia relative to the endowment model.

JEL: E32, E60, G12.

Keywords: free entry exit of firms, New Keynesian, asset pricing, equity premium.

Osszefoglalé

Tanulmanyunkban a kéltségmentes vallalati belépés soran névekvé termékvaltozatossag eszkdzarazasi implikacidit vizsgaljuk. A
termékvaltozatossag névekedése az modellbeli és a statisztikai hivatalok altal publikalt fogyasztoi arindexek kozott eltérést okoz,
mivel utdébbi ritkan frissiti a termékkosarat. A termékvaltozatossag jovGbeli alakulasaval kapcsolatos bizonytalansag nagyobb
volatilitast implikal az eszk6zok drazasahoz hasznalt diszkontfaktorban, anélkil, hogy megemelné a fogyasztas valtozékonysa-
gat. A korabbi szakirodalom altal hasznalt készletgazdasag helyett a modellt termeléssel egészitjlik ki. A termelést tartalmazo
modellnek két elé6nyét emeljlk ki a készletgazdasdghoz képest: i) az empirikusan megfigyelhet6 kockazati prémium magyaraza-
tahoz szlikséges korrelaciok termelés esetén endogének; ii) a kockazati prémium 140 bazisponttal magasabb termelés esetén
a készletgazdasaghoz képest.
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1 Introduction

We study the asset pricing implications of free entry-exit of firms (no entry costs) whereby a new firm is associated with a new
product (variety) as in Bilbiie (2021). In the presence of fixed production costs changes in the number of active firms (extensive
margin) dominate input adjustment (intensive margin) in response to shocks: firms enter (leave) the market following positive
(negative) productivity shocks. On the one hand, our model is motivated by Bernard et al. (2010) who use US firm level micro
data and show that product creation and destruction accounts for important shares of total production. Scanlon (2019) provides
empirical evidence on the importance of changing varieties for asset prices and calibrates an endowment economy model to
match asset pricing facts. Different from Scanlon (2019) our model contains production and generates the features important
for good asset pricing performance, i.e., the positive correlation between variety growth and the risky return, endogenously.
Further, the introduction of production adds about 140 basis points to the risk premia relative to an endowment model with
variety effect. In our model firm entry and exit causes endogenous changes in productivity magnifying the effects of exogenous
shocks. As a result, consumption becomes more procyclical and carries higher price of risk.

First, we take a simplified version of the endowment economy model calibrated by Scanlon (2019) to US data, and show that the
variety effect induces additional volatility in the pricing kernel and contributes to the model-implied equity premium. To show
this we consider a lognormal approximation to the pricing kernel and the return, and solve for the excess return analytically.
In the absence of the variety effect the excess return is solely governed by the risk-aversion coefficient times the covariance of
consumption growth and the asset return.

With fluctuating varieties model-based consumption growth can be decomposed into a data-consistent consumption growth
term without the variety effect (statistical agencies rarely change the consumption basket), and the growth rate of varieties
(firms). The covariance between the growth rate of varieties, and the return on the asset is a new positive term that appears
due to variety growth and, thus, raises the excess return on the asset. Further, variety effect implies higher uncertainty and
stronger precautionary savings effect keeping the risk-free rate low.

Second, we contribute to the macro-finance literature by introducing production with fixed costs into the variety effect model,
and, find that it generates higher excess returns relative to the endowment economy model. In the model with production
positive (negative) productivity shock implies firm entry (exit), and, leads to an endogenous change in productivity, and a rise
in uncertainty which is reflected in the higher mean and volatility of the excess return on the consumption claim. More elastic
labour supply can further raise consumption risk as long as labour is procyclical.
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2 The model

First, we describe the non-linear free entry-exit model of Bilbiie (2021). Firm level variables are denoted with small-case letters.
Capital letters denote aggregate variables. The representative household consumes a continuum of goods defined over the
2]

6-1 -1
o (W) ¢ dw where the elasticity of substitution among goods is constant (CES) and given by 6 > 1.

The net markup (market power) is given by 1/(6 — 1). The household derives utility from consumption (C;) and leisure (1 — L;).
To choose C; and L, optimally it maximises lifetime utility

N,
measure N;: G, = (f '

[oe]

EozoﬁtU(Ct, 1- Lt)

with respect to its budget constraint:
B + PGt = Rr—1Br—1 + Wil;
where R, is gross nominal interest (also the policy rate) on gross nominal one-period risk-free bonds (B;). The household has

labour income (W,L;) and interest earned on bonds from the previous period (R;_;B;_1). Profit income is zero due to free entry
condition.

The period utility U is assumed to be non-separable between consumption and labour as in Greenwood et al. (1988):

1-o

1+l

L *
(Ct_)(_Hl)
7]

UG ly) = 1-o

(1)

-1

In expression (1) o is related to the intertemporal elasticity of substitution (IES) as IES = 167’ where @ is the Frisch elasticity
of labour supply to wages and y > 0 is a parameter that pins down hours worked in steady-state. The utility maximisation of
the household leads to the bond Euler and intratemporal conditions, respectively:

1=E |M R ]
=B |(Mitvi—ec |»
l-[t+l

W, 1/
®
—_ = XL )
[ t
5 LH% I ,
where My, = B || Ceqq — )(1':1 /| G — )(1'+ T is the stochastic discount factor and l'[tCJrl = ;—“ is consumer price
v v !

inflation.

Firms. In our setup final goods producers bundle intermediary goods. The cost-minimisation problem of the final goods-
producer leads to:

p(w)
P,

-0
yi(w) = ( ) (Ce + PACY),

where the nominal price of a particular good w is denoted as p,(w). The aggregation of individual goods results in the consumer
S

price index: P, = (fON' pt(a))l_edw) "’ The price adjustment costs, PAC; = N.pac;(w), are defined below.

Producer prices (p,(w)) and the consumer price index (P,) differ due to variety growth in the former:

pt((l)) — -1

p(w) = P, Ny (2)
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THE MODEL

The production function of an intermediary firm producing product w is given by:

Zl(w) —f ifZJ(w)—f>0
0, otherwise

yi(w) = { 3)
where fis a fixed cost denominated in labour units. Z; is temporary technology shock:
logz, = p,logZ,_, + g5,

where &, represents i.i.d. innovations with scaling g;.
Intermediary firm w maximises real profits of the form:
Wt
di(w) = p @)y (w) = 5~ (W) = pac(w)
t
where pac, are Rotemberg price adjustment costs in real terms:

p(w)
Py (W)

¢ 2
pac,(w) = 3[ 1] p(@)y(w).

Optimal choice of the firm leads to the pricing condition (w is dropped due to symmetric choices):

p, = MG,
where MC; = W‘Z—{P’ is the real marginal cost. u, denotes the gross markup function:
_ 0
#e= -1 (1 - %”f) + ¢m (1 + 1) — BEA{Y 11}
with Yiyq E’T/’?t+l¢nt+l%l\l£ (1 + mpy)
t t+1

where 1, = log(p,/p,_,) = log(Il,). In the zero inflation steady-state (m = 0) u = 8/(0 — 1).

The connection between producer price (I1;) and consumer price (l'[tc) inflation comes from the variety effect:

1

I, _< N, )9—1 @)
I'Itc Ny .

The aggregate production function takes the form of

The aggregate market clearing implies:

Wt
Y:(1-PAC) =C; = ?Lt (5)
t
Monetary policy is described by a simple interest rate rule:
1
R, = =(1+m)%".

B
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3 Endowment economy

We consider an endowment economy version of our model (without labour and with flexible prices) and solve for the excess
return on the consumption claim analytically by assuming that the stochastic discount factor and the returns are jointly condi-
tionally log-normally distributed as in Scanlon (2019).

The consumption claim is priced as follows:

0

c

St = ‘ZoEt [Mt,t+ict+i] (6)
i=

where Sf is the price of the consumption claim. In the absence of labour the stochastic discount factor in equation (6) is given
_ -0
by Myen = B (Crr/C) .

Equation (6) can, alternatively, be written in recursive form as:
c c
Si=C+E [Mt,t+lst+1] .

which can also be displayed in Euler equation form:
Str1
1=E|M —_—
t [ tt+1 Stc _ Ct
=E [Mt,t+1RC,t+1]

Sin . .
where Rcpq1 = =2 is the return on the consumption claim.
! Sc—=Ce

Next we transform variables to data-consistent format (i.e. we divide each variable with p, to remove the variety effect as in
Bilbiie et al. (2012)) and rewrite Euler equation as:

- 1_
1=F ﬁ (Ct+1/pt+1> 7 <pt+1> 7 Sf+1/pt+1
! Ct/pt pt Stc/pt_ct/pt

o =g
=E|B (Cf+1> (Nt+1>9_1 St
17\ Ne ) sf-cf

t
=E [M§t+1Rg,t+l]

where Cf = G/p, and StC'R = Stc/pt are data-consistent variables. The second row made use of equation (2). Hence, the
data-consistent stochastic discount factor and return are given, respectively, by:

-0 1-o
R _ it Nipa \ o
Mt,t+1 = ﬁ CR N )
t t
new term

CR

RR St+1
Gt+1 CR .
SR —cf

Note the ‘'new term’ appearing due to firm entry-exit in Mf“l.

Second we take logs of the Euler equation and apply the log-normality assumption to obtain:

1
Ey(Mpyq) + E(ree) + 5 (Vafr(mt+1) + vary(reeen) + 2covi(Meyy, rc,t+1)) =0, (7)
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ENDOWMENT ECONOMY

where myy, = ln(MﬁHl) and rppq = ln(Rf-_tH). var:(m.,,) is the conditional variance of the natural log stochastic discount
factor, var,(r.;+1) is the conditional variance of the return on the consumption claim, cov,(m;1,r.+1) is the conditional co-
variance between the stochastic discount factor and the return on the consumption claim.

Using the log-normality assumption the risk-free rate can be also derived as rzy = —E;myyq — (1/2)var(myq). Using the log
version of equation (7) one can rewrite the risk-free rate as:
o—-1
rre = —1In(B) + 0EAcyyq + mEtAnt+1

e — |
new term due to variety effect

1|, o1\’ o-1
- 5l° var(Aceyq) + -1 vary(Any,) + 20 -1 cov(Acyyq, Aneyq) (8)
L

new terms due to variety effect

where Aciy; = In(Cly1/CY) and Anyyy = In(Nyy1/Ny). In the absence of uncertainty in the steady-state we have ry; = ro .y =
—In(f). Inthe no-entry model precautionary savings decrease the risk-free due to uncertainty about consumption growth (see
the —(1/2)o?var,(Ac,;1) term in equation (8)). covy(Acty1, Anyyq) > 0and o > 1 imply procyclical variety, higher uncertainty
and stronger precautionary savings effects (see the additional terms in the squared bracket of equation (8)) keeping the risk-free
rate low.

Hence, the excess return on the consumption claim can be written as (the difference between (7) expressed for E;(r.;4;) and
equation (8)):

1
Er(reesn) — rge + Evart(rc,t+1) = —coVi(Mes1, Fepr1)

g
ocoV(Acia, reren) + -1 1COVt(A”t+1’ let+1)
L 1
new term due to variety effect

where %vart(rc,tﬂ) is the usual Jensen’s inequality term of lognormal approximations. The covariance terms can be decom-
posed into correlations and standard deviations which are set to the values in Scanlon (2019) and reasonably close to our data
moments in Table (2). o and 8 are given by Table (1). The excess return is levered as in Croce (2014), and is given in annualised
percentage by

1
EQPR, = (1+ ¢,,,) |Ee(reesn) — re + Evart(rc,Hl) 9)

= |(1 + ¢Iev)lg,lcorrt(Act+l'rc,t+1)l *IStdt(ACtH)I * IStdt(rc,Hl)l * 100
3

1.67 0.4 0.022 0.2

o
+ |(1 + ¢/ev)lm|co”t(A”t+1' rc,t+1)| * IStdt(AntH)l * IStdt(rc,tH)I *100
1.67 'm' 0.5 0.022 0.2

= 0.89% + 0.27% = 1.16%

Thus, the equity premium is 1.16 percent with 89 basis points coming from no variety model and an additional 27 basis points
due to the variety effect.” Next we show that the excess return can be higher in the model with production.

TUnlike our model Scanlon (2019) also allows for quality improvement in varieties which would further raise the excess return by 27 basis points.
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Table 1
Parametrisation

o 3

B 0.99

1)
Pr

~

1/3

6 3.80

0z

Py

0.0072
0.979

o) 77
b1 0.67

Notes: The choice of o implies moderate amount of risk-aversion. p,, az and 6 are from Bilbiie et al. (2012). @ is chosen to match the standard
deviation of consumption in the data. Price adjustment costs are chosen to imply a moderate degree of price rigidity (¢ = 77). The excess return on
the consumption claim is levered by 2/3 as in Croce (2014).

Figure 1

Impulse responses to a positive technology shock

\Y, (o |
15 T o — 1.5 = - T =~
] 4 = - 4 ===
= 1
I I
0.5t 0.5
) )
o 5 10 0 5 10 5 10
rf rc n
) 1sf == oo
-
-0.02 3 I =1
I
-0.0a R \ 1
\ \ I
-0.06 I
\ 1 0.5 no entry
-0.081 1 i = entry-exit
- -
o o
0 5 10 0 5 10 5

10

Notes: Figure shows impulse responses from the entry-exit (dashed) and no entry (solid) models. Vertical axes show percentage deviation from
steady-state. The risk-free rate (rf) and the return on the consumption claim (rc) are both annualised.
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ENDOWMENT ECONOMY

Table 2
Data and Simulated Moments
A—baseline B—zero Frisch
(IES=0.22) (IES=0.33)
Data Entry-exit No entry Entry-exit No entry
E(EQPR) 4.89 2.59 0.97 1.09 0.55
o(EQPR) 17.92 26.26 16.18 17.02 12.28
Sharpe ratio 0.27 0.10 0.06 0.07 0.05
E(rf) 2.90 3.75 3.98 3.96 4.04
a(rf) 3.00 0.55 0.34 0.35 0.25
a(y) 1.81 1.36 1.27 0.89 0.99
o(c) 1.35 1.37 1.28 0.89 0.99
a(l) 1.79 0.60 0.33 = =
a(©)/a(y) 0.74 1.00 1.00 1.00 1.00
OV 0.99 0.44 0.26 = =
corr(y, c) 0.88 0.99 1.00 1.00 1.00
corr(y,l) 0.88 1.00 1.00 - -

Notes: Data moments are from Bilbiie et al. (2012) and Donadelli and Griining (2016). E(x), a(x), and corr(x,y) refer to unconditional mean and
standard deviation of variable (x), as well as correlation of variables (x,y), respectively. Moments are obtained from models simulated for 10000
periods. Time is in quarters. Each moment is expressed in percentage form. Interest rates and excess returns are annualised.
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4 Results from the model with
production

In this section we solve the production model numerically using a second-order perturbation. Table (1) summerises model
parametrisation. To highlight the mechanisms in the entry-exit model we study the propagation of a positive technology shock
which triggers firm entry due to profit opportunities (see figure (1)). Firms (n) enter until profits are driven to zero in line with
the zero profit condition. The positive wealth effect of the productivity boosts consumption (c), output (y), labour (/) and also
lead to a procyclical return (rc). Precautionary savings effect is stronger in the firm entry model and leading to larger drop in
the risk-free rate (rf) relative to the no entry model.

Table (2) contains empirical and simulated moments. The first column contains data moments and columns A-B refer to sim-
ulated moments. Macroeconomic data and simulated model moments are both HP-filtered. In the top block we report the
mean and standard deviation of the levered excess return on the consumption claim, the associated Sharpe ratio? as well as
mean and standard deviation of the risk-free rate. The bottom part contains key macroeconomic moments such as the standard
deviation of output, consumption and labour as well as relative standard deviations and correlation with output.

Columns A-B contain simulated moments from two parametrisations of the noentry (N) and entry (E) models. The column title
indicates the implied IES of the particular parametrisation. Column A shows results with the baseline parametrisation. Column
B displays the case of inelastic labour (setting Frisch elasticity close to zero) to illustrate the importance of labour elasticity in
shaping our results.

The entry and exit model matches around half of the mean of the equity premium (143 basis points more thanin the endowment
model) while the no entry model accounts for less than 1/5 of it (see column A). The entry and exit model generates excess
volatility in equity returns but this is not coupled with excess volatility in the risk-free rate or consumption. The fact that even the
noentry model performs relatively good in terms of finance moments is due to GHH preferences, which eliminate the negative
wealth effect of the technology shock on labour supply and make labour highly procyclical. With inelastic labour (column B)
variables are less procyclical, households dislike fluctuations in consumption less (higher IES), and asset returns carry lower
risk-premia that is still higher than the one in the endowment model.

2The Sharpe ratio is defined as the ratio of the mean and the standard deviation of the excess return on consumption.
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5 Conclusion

We have shown that expanding product variety that is coupled with free entry of firms in a production economy can produce
high and volatile stock returns with smooth consumption. Future research could consider the introduction of capital which
could help raise the standard deviations of output and labour and generate more realistic relative volatilities.
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