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Abstract

We study the asset-pricing implicaƟons of changes in the variety of consumpƟon goods which happens through free entry and
exit of firms. FluctuaƟons in varieƟes drive a wedge between the measured and model-based (including variety growth) con-
sumer price indexmaking the pricing kernel as well as asset pricesmore volaƟle without driving up the volaƟlity of consumpƟon
growth. Different from earlier endowment economy models of variety growth our model contains producƟon which i) gener-
ates the correlaƟons important for the explanaƟon of the high mean and volaƟlity of equity premium endogenously, and ii)
leads to an increase of about 140 basis points in the risk-premia relaƟve to the endowment model.

JEL: E32, E60, G12.

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

Összefoglaló

Tanulmányunkban a költségmentes vállalaƟ belépés során növekvő termékváltozatosság eszközárazási implikációit vizsgáljuk. A
termékváltozatosság növekedése azmodellbeli és a staƟszƟkai hivatalok által publikált fogyasztói árindexek közöƩ eltérést okoz,
mivel utóbbi ritkán frissíƟ a termékkosarat. A termékváltozatosság jövőbeli alakulásával kapcsolatos bizonytalanság nagyobb
volaƟlitást implikál az eszközök árazásához használt diszkonƞaktorban, anélkül, hogy megemelné a fogyasztás változékonysá-
gát. A korábbi szakirodalom által használt készletgazdaság helyeƩ a modellt termeléssel egészítjük ki. A termelést tartalmazó
modellnek két előnyét emeljük ki a készletgazdasághoz képest: i) az empírikusan megfigyelhető kockázaƟ prémiummagyaráza-
tához szükséges korrelációk termelés esetén endogének; ii) a kockázaƟ prémium 140 bázisponƩal magasabb termelés esetén
a készletgazdasághoz képest.
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1 IntroducƟon

We study the asset pricing implicaƟons 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 producƟon costs changes in the number of acƟve firms (extensive
margin) dominate input adjustment (intensive margin) in response to shocks: firms enter (leave) the market following posiƟve
(negaƟve) producƟvity shocks. On the one hand, our model is moƟvated by Bernard et al. (2010) who use US firm level micro
data and show that product creaƟon and destrucƟon accounts for important shares of total producƟon. Scanlon (2019) provides
empirical evidence on the importance of changing varieƟes for asset prices and calibrates an endowment economy model to
match asset pricing facts. Different from Scanlon (2019) our model contains producƟon and generates the features important
for good asset pricing performance, i.e., the posiƟve correlaƟon between variety growth and the risky return, endogenously.
Further, the introducƟon of producƟon adds about 140 basis points to the risk premia relaƟve to an endowment model with
variety effect. In our model firm entry and exit causes endogenous changes in producƟvity magnifying the effects of exogenous
shocks. As a result, consumpƟon becomes more procyclical and carries higher price of risk.

First, we take a simplified version of the endowment economymodel calibrated by Scanlon (2019) to US data, and show that the
variety effect induces addiƟonal volaƟlity in the pricing kernel and contributes to the model-implied equity premium. To show
this we consider a lognormal approximaƟon to the pricing kernel and the return, and solve for the excess return analyƟcally.
In the absence of the variety effect the excess return is solely governed by the risk-aversion coefficient Ɵmes the covariance of
consumpƟon growth and the asset return.

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

Second, we contribute to the macro-finance literature by introducing producƟon with fixed costs into the variety effect model,
and, find that it generates higher excess returns relaƟve to the endowment economy model. In the model with producƟon
posiƟve (negaƟve) producƟvity shock implies firm entry (exit), and, leads to an endogenous change in producƟvity, and a rise
in uncertainty which is reflected in the higher mean and volaƟlity of the excess return on the consumpƟon claim. More elasƟc
labour supply can further raise consumpƟon 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 leƩers.
Capital leƩers denote aggregate variables. The representaƟve household consumes a conƟnuum of goods defined over the

measure Nt: Ct ୀ ൬∫Nt

0 ct(ఠ)
ഇష1
ഇ dఠ൰

ഇ
ഇష1

where the elasƟcity of subsƟtuƟon among goods is constant (CES) and given by ఏ வ 1.
The net markup (market power) is given by 1/(ఏି 1). The household derives uƟlity from consumpƟon (Ct) and leisure (1ି Lt).
To choose Ct and Lt opƟmally it maximises lifeƟme uƟlity

E0
ಮ
∑
tస0
ఉtU(Ct, 1 ି Lt)

with respect to its budget constraint:
Bt ା PtCt ୀ Rtష1Btష1 ାWtLt

where Rt is gross nominal interest (also the policy rate) on gross nominal one-period risk-free bonds (Bt). The household has
labour income (WtLt) and interest earned on bonds from the previous period (Rtష1Btష1). Profit income is zero due to free entry
condiƟon.

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

U(Ct, Lt) ୀ
൭Ct ି ఞ L

1శ 1
ക

t

1శ 1
ക
൱
1ష

1 ି ఙ . (1)

In expression (1) ఙ is related to the intertemporal elasƟcity of subsƟtuƟon (IES) as IES ୀ ష1

1శക , where ఝ is the Frisch elasƟcity
of labour supply to wages and ఞ வ 0 is a parameter that pins down hours worked in steady-state. The uƟlity maximisaƟon of
the household leads to the bond Euler and intratemporal condiƟons, respecƟvely:

1 ୀ Et ቈ෧Mt,tశ1
Rt

ஈC
tశ1

 ,

Wt

Pt
ୀ ఞL1/കt ,

where෧Mt,tశ1 ≡ ఉ ൭Ctశ1 ି ఞ L
1శ 1

ക
tశ1
1శ 1

ക
൱ /൭Ct ି ఞ L

1శ 1
ക

t

1శ 1
ക
൱൩

ష

is the stochasƟc discount factor and ஈC
tశ1 ≡ Ptశ1

Pt
is consumer price

inflaƟon.

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

yt(ఠ) ୀ ቆpt(ఠ)
Pt

ቇ
షഇ

(Ct ା PACt),

where the nominal price of a parƟcular goodఠ is denoted as pt(ఠ). The aggregaƟon of individual goods results in the consumer

price index: Pt ୀ ቀ∫Nt

0 pt(ఠ)
1షഇdఠቁ

1
1షഇ . The price adjustment costs, PACt ≡ Ntpact(ఠ), are defined below.

Producer prices (pt(ఠ)) and the consumer price index (Pt) differ due to variety growth in the former:

ఘt(ఠ) ≡
pt(ఠ)
Pt

ୀ N
1

ഇష1
t . (2)
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THE MODEL

The producƟon funcƟon of an intermediary firm producing productఠ is given by:

yt(ఠ) ୀ ቄZtlt(ఠ) ି f if Ztlt(ఠ) ି f வ 0
0, otherwise (3)

where f is a fixed cost denominated in labour units. Zt is temporary technology shock:

୪୭ Zt ୀ ఘz ୪୭ Ztష1 ା ఙZఌt.

where ఌt represents i.i.d. innovaƟons with scaling ఙZ.

Intermediary firmఠ maximises real profits of the form:

dt(ఠ) ୀ ఘt(ఠ)yt(ఠ) ି
Wt

Pt
lt(ఠ) ି pact(ఠ)

where pact are Rotemberg price adjustment costs in real terms:

pact(ఠ) ୀ
థ
2 ቈ pt(ఠ)

ptష1(ఠ)
ି 1

2

ఘt(ఠ)yt(ఠ).

OpƟmal choice of the firm leads to the pricing condiƟon (ఠ is dropped due to symmetric choices):

ఘt ୀ ఓtMCt,

whereMCt ୀ
Wt/Pt
Zt

is the real marginal cost. ఓt denotes the gross markup funcƟon:

ఓt ≡
ఏ

(ఏ ି 1) ቀ1 ି ഝ
2
గ2
t ቁ ା థగt(1 ା గt) ି ఉEt {tశ1}

with tశ1 ≡෧Mt,tశ1థగtశ1
Ytశ1
Yt

Nt

Ntశ1
(1 ା గtశ1)

where గt ≡ ୪୭(pt/ptష1) ୀ ୪୭(ஈt). In the zero inflaƟon steady-state (గ ୀ 0) ఓ ୀ ఏ/(ఏ ି 1).

The connecƟon between producer price (ஈt) and consumer price (ஈC
t ) inflaƟon comes from the variety effect:

ஈt

ஈC
t
ୀ ቆ Nt

Ntష1
ቇ

1
ഇష1

. (4)

The aggregate producƟon funcƟon takes the form of

Yt ୀ N
ഇ

ഇష1
t ቆZtLt

Nt
ି fቇ .

The aggregate market clearing implies:

Yt(1 ି PACt) ୀ Ct ୀ
Wt

Pt
Lt (5)

Monetary policy is described by a simple interest rate rule:

Rt ୀ
1
ఉ(1 ା గt)ഝഏ .
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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 consumpƟon claim analyƟcally by assuming that the stochasƟc discount factor and the returns are jointly condi-
Ɵonally log-normally distributed as in Scanlon (2019).

The consumpƟon claim is priced as follows:

SCt ୀ
ಮ
∑
iస0

Et ൣMt,tశiCtశi൧ (6)

where SCt is the price of the consumpƟon claim. In the absence of labour the stochasƟc discount factor in equaƟon (6) is given
byMt,tశ1 ≡ ఉ (Ctశ1/Ct)

ష.

EquaƟon (6) can, alternaƟvely, be wriƩen in recursive form as:

SCt ୀ Ct ା Et ൣMt,tశ1S
C
tశ1൧ .

which can also be displayed in Euler equaƟon form:

1 ୀ Et Mt,tశ1
SCtశ1

SCt ି Ct
൩

ୀ Et ൣMt,tశ1RC,tశ1൧

where RC,tశ1 ≡
SCtశ1
SCtషCt

is the return on the consumpƟon claim.

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

1 ୀ Et ఉ ቆ
Ctశ1/ఘtశ1
Ct/ఘt

ቇ
ష

ቆఘtశ1
ఘt

ቇ
1ష SCtశ1/ఘtశ1

SCt /ఘt ି Ct/ఘt
൩

ୀ Et ఉ ቆ
CRtశ1
CRt

ቇ
ష

ቆNtశ1
Nt

ቇ
1ష
ഇష1 SC,Rtశ1

SC,Rt ି CRt


ୀ Et ൣMR
t,tశ1R

R
C,tశ1൧

where CRt ≡ Ct/ఘt and SC,Rt ≡ SCt /ఘt are data-consistent variables. The second row made use of equaƟon (2). Hence, the
data-consistent stochasƟc discount factor and return are given, respecƟvely, by:

MR
t,tశ1 ≡ ఉ ቆC

R
tశ1
CRt

ቇ
ష

ቆNtశ1
Nt

ቇ
1ష
ഇష1

,

new term

RR
C,tశ1 ≡

SC,Rtశ1
SC,Rt ି CRt

.

Note the ’new term’ appearing due to firm entry-exit inMR
t,tశ1.

Second we take logs of the Euler equaƟon and apply the log-normality assumpƟon to obtain:

Et(mtశ1) ା Et(rc,tశ1) ା
1
2 ൫vart(mtశ1) ା vart(rc,tశ1) ା 2covt(mtశ1, rc,tశ1)൯ ୀ 0, (7)
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ENDOWMENT ECONOMY

where mtశ1 ≡ ୪୬(MR
t,tశ1) and rc,tశ1 ୀ ୪୬(RR

C,tశ1). vart(mtశ1) is the condiƟonal variance of the natural log stochasƟc discount
factor, vart(rc,tశ1) is the condiƟonal variance of the return on the consumpƟon claim, covt(mtశ1, rc,tశ1) is the condiƟonal co-
variance between the stochasƟc discount factor and the return on the consumpƟon claim.

Using the log-normality assumpƟon the risk-free rate can be also derived as rf,t ≡ ିEtmtశ1 ି (1/2)vart(mtశ1). Using the log
version of equaƟon (7) one can rewrite the risk-free rate as:

rf,t ୀ ି ୪୬(ఉ) ା ఙEtctశ1 ା
ఙ ି 1
ఏ ି 1Etntశ1

new term due to variety effect

ି 1
2

⎡
⎢
⎢
⎢
⎣

ఙ2vart(ctశ1) ା ቆఙ ି 1
ఏ ି 1ቇ

2

vart(ntశ1) ା 2ఙ ቆఙ ି 1
ఏ ି 1ቇ covt(ctశ1, ntశ1)

new terms due to variety effect

⎤
⎥
⎥
⎥
⎦

(8)

where ctశ1 ≡ ୪୬(CRtశ1/CRt ) and ntశ1 ≡ ୪୬(Ntశ1/Nt). In the absence of uncertainty in the steady-state we have rf,t ୀ rc,tశ1 ୀ
ି ୪୬(ఉ). In the no-entrymodel precauƟonary savings decrease the risk-free due to uncertainty about consumpƟon growth (see
theି(1/2)ఙ2vart(ctశ1) term in equaƟon (8)). covt(ctశ1, ntశ1) வ 0 and ఙ வ 1 imply procyclical variety, higher uncertainty
and stronger precauƟonary savings effects (see the addiƟonal terms in the squared bracket of equaƟon (8)) keeping the risk-free
rate low.

Hence, the excess return on the consumpƟon claim can be wriƩen as (the difference between (7) expressed for Et(rc,tశ1) and
equaƟon (8)):

Et(rc,tశ1) ି rf,t ା
1
2vart(rc,tశ1) ୀ ିcovt(mtశ1, rc,tశ1)

ୀ ఙcovt(ctశ1, rc,tశ1) ା
ఙ ି 1
ఏ ି 1 covt(ntశ1, rc,tశ1)
new term due to variety effect

where 1
2
vart(rc,tశ1) is the usual Jensen’s inequality term of lognormal approximaƟons. The covariance terms can be decom-

posed into correlaƟons and standard deviaƟons which are set to the values in Scanlon (2019) and reasonably close to our data
moments in Table (2). ఙ and ఏ are given by Table (1). The excess return is levered as in Croce (2014), and is given in annualised
percentage by

EQPRt ≡ (1 ାథlev) ቈEt(rc,tశ1) ି rf,t ା
1
2vart(rc,tశ1) (9)

ୀ (1 ାథlev)
1.67

ఙ
3
corrt(ctశ1, rc,tశ1)

0.4

∗stdt(ctశ1)
0.022

∗ stdt(rc,tశ1)
0.2

∗ 100

ା (1 ାథlev)
1.67

ఙ ି 1
ఏ ି 1
0.7143

corrt(ntశ1, rc,tశ1)
0.5

∗ stdt(ntశ1)
0.022

∗ stdt(rc,tశ1)
0.2

∗ 100

ୀ 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 addiƟonal 27 basis points
due to the variety effect.¹ Next we show that the excess return can be higher in the model with producƟon.

¹ Unlike our model Scanlon (2019) also allows for quality improvement in varieƟes which would further raise the excess return by 27 basis points.
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MAGYAR NEMZETI BANK

Table 1
ParametrisaƟon

ఙ 3 ఝ 0.4 L̄ 1/3 ఙZ 0.0072 థ 77

ఉ 0.99 థഏ 1.5 ఏ 3.80 ఘZ 0.979 థlev 0.67

Notes: The choice of ఙ implies moderate amount of risk-aversion. ఘZ, ఙZ, and ఏ are from Bilbiie et al. (2012). ఝ is chosen to match the standard
deviaƟon of consumpƟon in the data. Price adjustment costs are chosen to imply a moderate degree of price rigidity (థ ୀ 77). The excess return on
the consumpƟon claim is levered by 2/3 as in Croce (2014).

Figure 1
Impulse responses to a posiƟve technology shock

0 5 10
0

0.5

1

1.5

y

0 5 10
0

0.5

1

1.5

c

0 5 10
0

0.1

0.2

0.3

0.4

l

0 5 10

-0.08

-0.06

-0.04

-0.02

0
rf

0 5 10
0

1

2

3

rc

0 5 10
0

0.5

1

1.5

n

no entry
entry-exit

Notes: Figure shows impulse responses from the entry-exit (dashed) and no entry (solid) models. VerƟcal axes show percentage deviaƟon from
steady-state. The risk-free rate (rf) and the return on the consumpƟon 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

ఙ(EQPR) 17.92 26.26 16.18 17.02 12.28

Sharpe raƟo 0.27 0.10 0.06 0.07 0.05

E(rf) 2.90 3.75 3.98 3.96 4.04

ఙ(rf) 3.00 0.55 0.34 0.35 0.25

ఙ(y) 1.81 1.36 1.27 0.89 0.99

ఙ(c) 1.35 1.37 1.28 0.89 0.99

ఙ(l) 1.79 0.60 0.33 – –

ఙ(c)/ఙ(y) 0.74 1.00 1.00 1.00 1.00

ఙ(l)/ఙ(y) 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 Grüning (2016). E(x), ఙ(x), and corr(x, y) refer to uncondiƟonal mean and
standard deviaƟon of variable (x), as well as correlaƟon of variables (x, y), respecƟvely. 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
producƟon

In this secƟon we solve the producƟon model numerically using a second-order perturbaƟon. Table (1) summerises model
parametrisaƟon. To highlight the mechanisms in the entry-exit model we study the propagaƟon of a posiƟve technology shock
which triggers firm entry due to profit opportuniƟes (see figure (1)). Firms (n) enter unƟl profits are driven to zero in line with
the zero profit condiƟon. The posiƟve wealth effect of the producƟvity boosts consumpƟon (c), output (y), labour (l) and also
lead to a procyclical return (rc). PrecauƟonary savings effect is stronger in the firm entry model and leading to larger drop in
the risk-free rate (rf) relaƟve 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 deviaƟon of the levered excess return on the consumpƟon claim, the associated Sharpe raƟo² as well as
mean and standard deviaƟon of the risk-free rate. The boƩompart contains keymacroeconomicmoments such as the standard
deviaƟon of output, consumpƟon and labour as well as relaƟve standard deviaƟons and correlaƟon with output.

Columns A-B contain simulated moments from two parametrisaƟons of the noentry (N) and entry (E) models. The column Ɵtle
indicates the implied IES of the parƟcular parametrisaƟon. Column A shows results with the baseline parametrisaƟon. Column
B displays the case of inelasƟc labour (seƫng Frisch elasƟcity close to zero) to illustrate the importance of labour elasƟcity in
shaping our results.

The entry and exitmodelmatches aroundhalf of themeanof the equity premium (143basis pointsmore than in 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
volaƟlity in equity returns but this is not coupledwith excess volaƟlity in the risk-free rate or consumpƟon. The fact that even the
noentry model performs relaƟvely good in terms of finance moments is due to GHH preferences, which eliminate the negaƟve
wealth effect of the technology shock on labour supply and make labour highly procyclical. With inelasƟc labour (column B)
variables are less procyclical, households dislike fluctuaƟons in consumpƟon less (higher IES), and asset returns carry lower
risk-premia that is sƟll higher than the one in the endowment model.

² The Sharpe raƟo is defined as the raƟo of the mean and the standard deviaƟon of the excess return on consumpƟon.
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5 Conclusion

We have shown that expanding product variety that is coupled with free entry of firms in a producƟon economy can produce
high and volaƟle stock returns with smooth consumpƟon. Future research could consider the introducƟon of capital which
could help raise the standard deviaƟons of output and labour and generate more realisƟc relaƟve volaƟliƟes.
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