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Abstract

We introduce costly firm-entry a la Bilbiie et al. (2012) into a New Keynesian model with Epstein-Zin preferences and show
that it can jointly account for a high mean value of bond and equity premium without compromising the fit of the model to
first and second moments of key macroeconomic variables. In the standard New Keynesian model without entry it is easy to
generate inflaƟon risks on long-term nominal bonds when placing high coefficient on the output gap in the Taylor rule. Our
model is able to generate inflaƟon risks when the coefficient on the output gap is small. In the entry model real risks are lower
and inflaƟon risks are ceteris paribus higher than in the standard New Keynesian model without entry due to the appearance
of new varieƟes that help households smooth their consumpƟon beƩer.

JEL: E13, E31, E43, E44, E62.

Keywords: firm entry, zero-coupon bond, equity premium, nominal term premium, third-order approximaƟon, New Keynesian,
Epstein-Zin preferences.

Összefoglaló

Egy standard Epstein-Zin preferenciákkal kibővíteƩ újkeynesi modellt egészítünk ki oly módon, hogy az iparágba újonnan belé-
pő vállalatoknak egy fix költséget kell fizetniük Bilbiie és szerzőtársai (2012) modelljéhez hasonlóan és megmutatjuk, hogy ez
a kiterjesztés képes kötvény és részvény kockázaƟ prémium együƩes magyarázatára anélkül hogy romlana a modell fontosabb
makrováltozókra való illeszkedése. A standard újkeynesi modell (amiben a vállalatok száma fix) szerint a hosszú lejáratú köt-
vények hozamában jelentős inflációs kockázaƟ prémium van amikor az output gap koefficiense a Taylor szabályban magas. Az
újonnan belépő vállalatok/ termékek miaƩ a háztartások hatékonyabban képesek simítani a fogyasztásukat és emiaƩ a reálkoc-
kázatok alacsonyabbak míg az inflációs kockázatok ceteris paribus magasabbak lesznek egy olyan modellhez képest amiben a
cégek száma fix.
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1 IntroducƟon

The empirical literature esƟmates the mean value of the equity premium to be around 6 per cent and a volaƟlity of equity
returns of around 15 per cent based on post-war US data (see the literature review in Donaldson and Mehra (2008)). Kim and
Wright (2005) use an arbitrage-free three-factor model and report esƟmates of the mean and standard deviaƟon of a 10-year
bond term-premium of around one and 0.54 per cent, respecƟvely. Rudebusch and Swanson (2012; RS henceforth) produce
high and volaƟle nominal bond term premium using a basic New Keynesianmodel with Epstein-Zin (1989) preferences. RS point
toward further invesƟgaƟon of the model including other types of assets like equiƟes.

We contribute to the macro-finance literature by showing that the RS model extended with costly firm entry jointly explains
the high mean value of bond and equity risk-premia without compromising the model’s fit to macro data. The literature so
far has mainly focused on construcƟng a dynamic-stochasƟc general equilibrium model (DSGE) that matches either the term
premium on long-term bonds (see, e.g. RS or Hördahl et al. (2008)) or the risk-premium on equiƟes (see, e.g. Beaubrun-Driant
and Tripier (2005)). We introduce costly firm entry into a basic New Keynesian model (like the one in RS) along the lines of
Bilbiie et al. (2007, 2012) where the mass of firms entering the industry in each period are subject to a Ɵme-varying sunk entry
cost and a Ɵme-to-build lag in producƟon. Firm entry has been incorporated into the basic RBC model in order to reproduce
the countercyclical markup and procyclical profit found in the data (see, e.g. Rotemberg and Woodford (1999)).

In fact, it is the strong posiƟve correlaƟon between the stock-return and profits that jusƟfies the high-premiumonequiƟeswhich
bring low return in bad Ɵmes i.e. when entry rate is low due to a shrinkage in expected future profits. Therefore, unlike models
without entry, equity premium emerges not because of the posiƟve comovement between stock returns and consumpƟon
(growth) but due to the posiƟve relaƟonship between equity return (mainly the dividends part of it) and inflaƟon as well as
output which depends on the investment into new firms. When using the baseline calibraƟon of RS our model can produce an
annualised equity premium of about 10 per cent that is somewhat in excess of the empirical ones that are usually between 3
and 7 per cent depending on the sample period.

Besides the high-equity premium our model exhibits a reasonable bond-premium as well because the negaƟve covariance
between consumpƟon and inflaƟon—a pre-requisite for the existence of a posiƟve bond term premium—is also maintained.
Investors expect long-term government bonds to pay an excess return (a term premium) in order to be compensated for con-
sumpƟon/inflaƟon risks over the enƟre life of the bond. Thus, a bond is considered to be riskywhen low consumpƟon is coupled
with high inflaƟon that erodes the real payoff of the bond. When uƟlising the baseline calibraƟon of RS our model has similar
performance to RS without entry in terms of matching the nominal term premium. In parƟcular, the baseline calibraƟon helps
to achieve a nominal term premium of about 30 basis points (roughly one-third of the empirical value). While an alternaƟve
calibraƟon containing values of the intertemporal elasƟcity of subsƟtuƟon and Frisch elasƟcity that are closer to the empirical
esƟmates bring the simulatedmean and standard deviaƟon of the nominal term premium in line with its empirical counterpart.

As a second contribuƟon we show that our model produces inflaƟon risks even when the coefficient on the output gap in the
Taylor rule is small unlike RS where only a high coefficient on the output gap guarantees the existence of inflaƟon risk premia.
Below we review several studies which esƟmate the size of the inflaƟon risk premium to be between 10 and 115 basis points
depending on the country, Ɵme period and the type of the dataset that is applied. Standard New Keynesian models like the
RS model without entry imply a trade-off between stabilising the standard deviaƟon of inflaƟon and the output gap, that is, a
lower volaƟlity of inflaƟon can be achieved at the cost of higher standard deviaƟon of the output gap (see also Clarida et al.
(1999) andWoodford (2003)). Further, this trade-off means that the larger is the coefficient on the output gap the higher is the
relaƟve weight a central bank places on stabilising fluctuaƟons in the output gap and, therefore, the lower is the uncondiƟonal
standard deviaƟon of the output gap and the higher is the uncondiƟonal standard deviaƟon of inflaƟon.
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The case of a high coefficient on the output gap in the standard New Keynesian model—the baseline calibraƟon of RS—is asso-
ciated with low standard deviaƟon of the output gap and a relaƟvely high standard deviaƟon of inflaƟon (nominal uncertainty)
and high inflaƟon risks. When comparing the RS model with and without entry in case of a low coefficient on the output gap
one recognises that the laƩer implies higher real term premium than the former. As a result inflaƟon risks are, ceteris paribus,
higher in the model with entry relaƟve to the one without it when coefficient on the output gap is low. The intuiƟon for this
finding can be explained as follows. In a model with firm entry relaƟve to the one lacking it households can smooth their con-
sumpƟon path beƩer through conƟnuously reopƟmising the content of the consumpƟon basket when new varieƟes appear
due to firms that urge to exploit profit opportuniƟes induced by posiƟve producƟvity shocks. Moreover it is also true that
the uncondiƟonal standard deviaƟon of inflaƟon is higher in the entry model implying more inflaƟon risks than in the model
without entry independently of the size of the output gap coefficient. Our model entails an inflaƟon risk-premium of about 16
basis point which is on the lower end of the empiricial esƟmates.

Our model features Epstein-Zin preferences which are widely employed to increase risk-aversion of the consumer without de-
creasing intertemporal elasƟcity of subsƟtuƟon. Vissing-Jorgensen and AƩanasio (2003) esƟmated risk-aversion to be around
5-10 for stockholders using US data over 1982-1996. This paper, however, maintains a high value of risk-aversion similar to RS
to obtain a reasonable amount of nominal term premium on long-term default-free bonds. As a third contribuƟon, we demon-
strate that the entry model makes some progress bymatching the esƟmatedmean of the nominal ten-year bond premiumwith
a risk-aversion (85) smaller than that of RS (110).

RS cite a number of papers in order to support the high risk-aversion coefficient. One of them is based on Barillas et al. (2009)
who show that a model with Epstein-Zin preferences and high risk-aversion is ”isomorphic to a model in which households
have low risk aversion but a moderate degree of uncertainty about the economic environment.” (RS pp. 123). Another inter-
pretaƟon can be derived from Malloy et al. (2009) who find that consumpƟon of stockholders has higher standard deviaƟon
than consumpƟon of non-stockholders. Therefore, risk-aversion should be higher in a representaƟve agent model like the RS
model with/without entry than in a model which can disƟnguish between agents with different consumpƟon smoothing be-
haviour. To put it differently, the DSGE models we use might understate the quanƟty of risks faced by households so that a
higher risk-aversion is needed to match risk premiums in the data.

Our fourth contribuƟon is that the RS model with entry imply an increase in consumpƟon risks in case of distorƟonary income
taxaƟon relaƟve to lump-sum taxaƟon when the coefficient on the output-gap is low. The intuiƟon for this finding is the fol-
lowing. The fiscal seƫng of the model contains government consumpƟon which is financed with long-term nominal bonds that
are paid back through income tax revenue far in the future. From the point of view of highly-risk averse households this type
of financing consƟtutes substanƟal real/consumpƟon risks originaƟng from the expectaƟon of future periods with depressed
income due to low realisaƟons of technology.

ContribuƟon four is connected to Kaszab andMarsal (2013) who employ the RSmodel with a fiscal sector. UƟlising the baseline
calibraƟon of RS—implying a high Taylor rule coefficient on the output-gap—they highlight the possibility of fiscal policy with
distorƟonary income taxaƟon in raising inflaƟon riskswhen households are sufficiently risk-averse. The intuiƟon for their finding
is based on the fact that in a NewKeynesianmodel higher future taxes are coupledwith highermarginal cost and higher inflaƟon
through the New Keynesian Phillips curve and, hence, giving rise to inflaƟon risks.

This paper is also closely related to Swanson (2014) who uses a model quite similar to RS to jointly characterise nominal and
real term structure of default-free/defaultable bonds and the return and variability of equiƟes. The main difference between
RS and Swanson (2014) is that the former aƩributes the saƟsfactory macro and finance fit of the model to temporary while the
laƩer to permanent technology shocks (in parƟcular, he postulates a random walk without driŌ).

The paper proceeds as follows. The second secƟon describes the model. Further, we characterise market clearing, monetary
and fiscal policy in the model. SecƟon three provides an overview of further properƟes of our model. Then parametrisaƟon of
the model is presented. Results follow with parƟcular aƩenƟon given to equity premium and inflaƟon risks. We also discuss
the effects of the different specificaƟons of the entry cost and fiscal policy on the main results. Finally we conclude.
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2 The Model

2.1 FIRM ENTRY AND PROFIT MAXIMISATION

In this paper the canonical New Keynesian model of RS featuring Epstein-Zin preferences is extended with costly firm entry as
in Bilbiie et al. (2012). The following short descripƟon of the producƟon sector borrows heavily from Bilbiie et al. (2007) who
feature a two-sector RBC model with price rigidity. Labour is the only factor of producƟon. In one sector labour is used to
produce consumpƟon goods. The other sector requires labour effort to set up new firms. We start with the descripƟon of the
laƩer one.

There is a mass of firms. Firm ఠ employs labour (lt(ఠ)) in order to produce output (yt(ఠ)) using a constant-return-to-scale
technology: yt(ఠ) ୀ Ztlt(ఠ) where Zt is a staƟonary producƟvity shock:

୪୭ Zt ୀ ఘZ ୪୭ Ztష1 ା ఌZt ,

where ఌZt is an independently and idenƟcally distributed (iid) stochasƟc technology disturbance with mean zero and variance
ఙ2
Z . The unit cost of producƟon in units of consumpƟon good Ct is wt/Zt where wt ≡ Wt/Pt is the real wage. There is also a

mass of prospecƟve entrants. Firms pay an entry cost of fE effecƟve labour units, equal to wtfE/Zt. Each period firms correctly
anƟcipate their future profits and the probability ఋ of the exit-inducing shock. The model features a Ɵme-to-build lag in the
sense that firms entering at Ɵme t start to produce one period later. Therefore, the number of firms producing at period t, Nt,
is described by:

Nt ୀ (1 ି ఋ)(Ntష1 ା NE,tష1) (1)

where NE stands for new entrants and both new entrants and incumbents survive with probability 1 ି ఋ.

There is a free-entry condiƟon

vfirmt ୀ wt

fE,t
Zt
,

which says that firm entry happens unƟl the value of the firm (vfirmt ) is equal to the entry cost expressed in effecƟve labour units
(wtfE,t/Zt). The entry cost is not Ɵme-varying and normalised to one, fE,t ୀ fE ୀ 1, as in Bilbiie et al. (2007)¹.

The real profits of firmఠ at Ɵme t (transferred back to households in the form of dividends, dt(ఠ)) can be expressed as:

dt(ఠ) ୀ ఘt(ఠ)yDt (ఠ) ି wtlt(ఠ) ି pact(ఠ)ఘt(ఠ)yDt (ఠ)

whereఘt(ఠ) ≡ pt(ఠ)/Pt is the real price of firmఠ, yDt (ఠ) is the demand schedule coming from the cost-minimisaƟon problem
of the firm (yDt (ఠ) ୀ (pt(ఠ)/Pt)షഄ[Ct ା Gt ା PACt]). Lower-case leƩers denote firm-specific variables while upper-case ones
stand for the aggregate. The consumpƟon and price indices are given, respecƟvely, by:

Ct ≡ ቈන
1

0
Ct(ఠ)

ഄష1
ഄ dఠ

ഄ

ഄష1

,

Pt ≡ ቈන
1

0
Pt(ఠ)1షഄdఠ

1
1షഄ

.

¹ In this paper we do not study deregulaƟon shocks by making fE,t an AR(1) process as Bilbiie et al. (2007) did in one of their experiment.
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AdjusƟng prices is costly. Hence, nominal rigidity is introduced in the form of price adjustment costs that can be described with
a quadraƟc funcƟon as in Rotemberg (1982):

PACt(ఠ) ୀ
థP

2
ቈ pt(ఠ)
ptష1(ఠ)

ି 1
2

whereథP measures how strong price adjustment costs are.

The real value of firm ఠ in units of consumpƟon at Ɵme t, denoted as vfirmt (ఠ) can be expressed as the sum of present and
discounted future dividends:

vfirmt (ఠ) ୀ Et

ಮ


jస0

ఒtశjdtశj(ఠ)

where ఒt is the marginal uƟlity of consumpƟon used to discount future profits. Firms face a death shock occuring with proba-
bility ఋ ∈ (0, 1) in each period.

Thus, at Ɵme t, firm ఠ chooses pt(ఠ) to maximise dt(ఠ) subject to yt(ఠ) ୀ yDt (ఠ) taking wt, Pt, Ct, PACt, and Zt as given.
Equivalently, firmఠ maximises the present and future discounted value of its profits:

୫ୟ୶
pt(ഘ)

Et

ಮ


jస0

[ఉ(1 ି ఋ)]jఒtశj ൦
ఘtశj(ఠ)yDtశj(ఠ) ି wtltశj(ఠ)

ିഝP

2
൬ Ptశj(ഘ)
Ptష1శj(ഘ)

ି 1൰
2

ఘtశj(ఠ)ytశj
൪

where ఒt is the marginal uƟlity of consumpƟon (defined below at the household’s uƟlity maximisaƟon problem), ఘt(ఠ)yDt (ఠ)
is the revenue,wtlt(ఠ) is the cost of labour and the last term appears because of Rotemberg price adjustment costs². The price
raƟo is given by ఘt(ఠ) ୀ

pt(ഘ)
Pt

. The maximisaƟon problem of the firm is subject to the demand curve for the product of an

individual firmఠ (yDt (ఠ) ୀ ൬ pt(ഘ)
Pt

൰
షഄ

yt), the producƟon funcƟon (yDt (ఠ) ୀ Ztlt(ఠ)).

AŌer taking the first-order condiƟon³ with respect to the price of an individual firm (pt(ఠ)), imposing symmetric equilibrium,
introducing the definiƟon of producer-price inflaƟon (PPI) pt(ഘ)

ptష1(ഘ)
ୀ Pt

Ptష1

≡ 1ାగt and defining the economy-wide real marginal

cost asటt ୀ wt/Zt one obtains

(ఌ ି 1) ቆ1 ି
థP

2
(గt)2ቇ ା థP (గt) (1 ା గt) ି ఉEt ൝

ఒtశ1

ఒt
థP (గtశ1)

yDtశ1

yDt
(1 ା గtశ1)

ఘtశ1

ఘt
ൡ ୀ ఌటt

1
ఘt

which is the same as equaƟon two in Bilbiie et al. (2007):

ఘt ୀ ఓtటt ୀ ఓt
wt

Zt
(2)

where
ఓt ≡ ఌ

(ఌ ି 1)ቀ1 ି ഝP

2
(గt)2ቁାథP (గt)(1ାగt)ିఉEt ቊഊtశ1

ഊt
థP (గtశ1)

yDtశ1

yDt
(1 ା గtశ1) ഐtశ1

ഐt
ቋ

(3)

which is the definiƟon of the Ɵme-varying price markup. IntuiƟvely, equaƟon (2) can be interpreted as follows: the firm sets
the relaƟve price of its product (ఘt) as a markup (ఓt) above the marginal cost (wt/Zt). The markup is Ɵme-varying because of
the presence of Rotemberg price-seƫng fricƟons.

Next we can also make use of the aggregate producƟon funcƟon

YCt ୀ ఘtNty
D
t ୀ ఘtNtZtlt

² This price-seƫng problem has the implausible implicaƟon that even new firms have to pay price adjustment cost. Bilbiie et al. (2007) also examines
the more plausible case that new firms have to pay this cost from Ɵme tା 1. However, they note that the laƩer modificaƟon has no major impact on
their main results.

³ Further details on the price-seƫng problem (especially derivaƟons) and also the calculaƟon of the steady-state number of firms can be found in Kaszab
(2014).

8 MNB WORKING PAPERS • 2015/1



THE MODEL

to subsƟtute for yDt in equaƟon (3):

ఓt ≡ ఌ

(ఌ ି 1)ቀ1 ି ഝP

2
(గt)2ቁାథP (గt)(1ାగt)ିఉEt൞𝒦t,tశ1థP (గtశ1)

Y
C
tశ1

ഐtశ1Ntశ1

Y
C
t

ഐtNt

(1 ା గtశ1) ഐtశ1
ഐt
ൢ

where we applied the notaƟon of Table (1) for the raƟo of marginal uƟliƟes (𝒦t,tశ1 ≡ ഊtశ1
ഊt

).

2.2 THE HOUSEHOLD’S PROBLEM

The representaƟve household maximises the conƟnuaƟon value of its uƟlity (V):

Vt ୀ ൞
U(Ct, Lt) ା ఉ ൣEtV1షഀ

tశ1 ൧
1

1షഀ if U(Ct, Lt) ஹ 0

U(Ct, Lt) ି ఉ ൣEt(ିVtశ1)1షഀ൧
1

1షഀ if U(Ct, Lt) ழ 0
(4)

with respect to its flow budget constraint. ఉ ∈ (0, 1) is the subjecƟve discount factor. UƟlity (U) at period t is derived from
consumpƟon (Ct) and leisure (1ି Lt). As the Ɵme frame is normalised to one leisure Ɵme (1ି Lt) is what we are leŌ with aŌer
spending some Ɵmeworking (Lt). The recursive funcƟonal form in equaƟon (4) is called Epstein-Zin preferences and is the same
as the one used by RS. The period uƟlity U which is addiƟvely separable in consumpƟon and labour is given by⁴:

U(Ct, Lt) ୀ
C1షt

1 ି ఙ ି ఞ0
L1శകt

1 ାఝ (5)

where ఙ is the inverse of the intertemporal elasƟcity of subsƟtuƟon (IES), ఝ is the inverse of the Frisch elasƟcity of labour
supply to wages and ఞ0 வ 0. Note that in this paper we consider an IESழ1 so that U ழ 0 and, thus, the second line of equaƟon
(4) is employed.

Swanson (2012) shows that the connecƟonbetween coefficient of relaƟve risk-aversion (CRRA) and parameterఈ of the recursive
uƟlity in equaƟon (4) is⁵:

CRRA ≃ ఙ
1ା 

ക
ା ఈ(1 ି ఙ)

1ା ష1
1శക

.

Households possess two types of assets: shares in a mutual fund of firms and government bonds. Let xt denote the share in the
mutual fund of firms entering period t. In each period themutual fund pays the representaƟve household a total profit (in units
of currency) of all firms that produce in that period, PtNtdt. In period t the representaƟve household purchases xtశ1 shares in
a mutual fund of NH,t ≡ Nt ା NE,t firms where the first term refer to firms already operaƟng at Ɵme t while the second term
stands for the new entrants. Only Ntశ1 ୀ (1ିఋ)NH,t firms will produce and pay dividends at Ɵme tା1. As the household does
not know the share of firms induced to leave the market due to the exogenous exit shock ఋ at the end of period t, it finances
the conƟnuing operaƟon of all preexisƟng firms and all new entrants during period t. The nominal price of a claim to the future
profit stream of the mutual fund of NH,t firms at Ɵme t equals to Vfirm

t ≡ Ptv
firm
t .

At Ɵme t the representaƟve household holds nominal bonds and a share xt in the mutual fund. It receives labour income (WtLt)
interest income itష1 on nominal bonds and dividend income (in nominal terms) on mutual fund share holdings (Dt ≡ Ptdt) in
nominal terms and the value of selling its iniƟal share posiƟon (Vfirm

t ).

Therefore, the period budget constraint of the representaƟve household (in real terms) can be wriƩen as:

Btశ1 ା vfirmt NH,txtశ1 ା Ct ୀ (1 ା rt)Bt ା (dt ା vfirmt )Ntxt ା wtLt ା tLt

where Btశ1 ≡ BN,tశ1/Pt and 1 ା rt ≡ (1 ା itష1)/(1 ା గC
t ) is the consumpƟon-based gross real interest rate on bond holdings

between Ɵme t ି 1 and t with consumer-price inflaƟon (CPI) defined as గC
tశ1 ≡ Ptశ1/Pt ି 1, and lump-sum transfers/taxes

tLt ≡ TLt/Pt.

⁴ Note that this felicity funcƟon is slightly different from the one of RS mainly because we abstract from determinisƟc growth in line with Bilbiie et al.
(2007, 2012).

⁵ Note that this formula applies only when the uƟlity funcƟon in equaƟon (5) is used.
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The first-order condiƟons derived from the households’ opƟmisaƟon problem yield the Euler equaƟons for bond and share-
holdings:

1 ୀ ఉEt ൝ቆ
Ctశ1

Ct
ቇ
ష

1 ା it
1 ା గC

tశ1
ൡ

vfirmt ୀ ఉ(1 ି ఋ)Et ൝ቆ
Ctశ1

Ct
ቇ
ష

(vfirmtశ1 ା dtశ1)ൡ

The intratemporal condiƟon says that labour effort is chosen opƟmally when the marginal disuƟlity of labour equals to the
marginal uƟlity from consuming real wage received for one more hour worked:

ఞ
L

1
ക
t

Cషt
ୀ

Wt

Pt

where ఞ is set such that hours worked makes up for one-third of the total Ɵme endowment.

2.3 MONETARY POLICY

The New-Keynesian model is closed by a monetary policy rule (so called Taylor rule):

Rt ୀ ఘRtష1 ା (1 ି ఘ)[R ା ୪୭ ஈ̄t ାథഏ(୪୭ ஈ̄t ି ୪୭ஈ∗
t ) ା థy(Yt ି Y)/Y] ା ఌit (6)

where Rt ≡ 1 ା it is the policy rate, ஈ̄t is a four-quarter moving average of inflaƟon and Y denotes the steady-state level of
Yt). As in RS we annualise ୪୭ ஈ̄ and R so that the choice of థഏ ୀ 0.53 corresponds to roughly one-fourth of the empirical
esƟmates using quarterly data (see, e.g., Clarida et al. (2000)).

ஈ∗
t is the target rate of inflaƟon, ఌit is an iid shock with mean zero and variance ఙ2

i . In the baseline version of the Rudebusch
and Swanson (2012) model without long-run inflaƟon risks the inflaƟon target is constant (ஈ∗

t ୀ ஈ∗ for all t).

The four-quarter moving average of inflaƟon (ஈ̄t) can be approximated by a geometric moving average of inflaƟon:

୪୭ ஈ̄t ୀ ఏഏ ୪୭ ஈ̄t ା (1 ି ఏഏ) ୪୭ஈt, (7)

where the choice of ఏഏ ୀ 0.7 ensures that the geometric average in equaƟon (7) has an effecƟve duraƟon of about four
quarters. In this paper we do not consider long-run inflaƟon risks as in one of the version of RS.

2.4 FISCAL POLICY

The descripƟon of the fiscal block is based on Kaszab and Marsal (2013). The government spending follows the process:

୪୭(Gt/G) ୀ ఘG ୪୭(Gtష1/G) ା ఌGt , 0 ழ ఘG ழ 1,

where G is the steady-state level of Gt and ఌGt is an iid shock with mean zero and variance ఙ2
G.

Rudebusch and Swanson (2012) assume that government spending is financed through lump-sum taxes in each period i.e.
government budget is balanced. Instead, we can allow for deficit that is reƟred through lump-sum taxes:

Bt ା Tt ୀ
Rtష1Btష1

ஈt
ା Gt (8)

where Bt, Tt, Rt andஈt stand for government debt, lump-sum taxes, short-term nominal interest rate and inflaƟon, respecƟvely.
All quanƟƟes are expressed as real except for the nominal interest rate (Rt). Rtష1Btష1 are interest-payments on the previous
period debt. If one imposes the restricƟon of Bt ୀ Btష1 ୀ 0 for all t expression (8) boils down to the case of balanced budget
Gt ୀ Tt for all t).

The tax rule in case of lump-sum taxes is given by:
Tt ୀ టBtష1 (9)
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THE MODEL

where ట ∈ (0, 2) ensures that fiscal policy is passive in the sense of Leeper (1991). When ట is set to be close to zero debt is
paid back in the very long-run. By contrast a coefficient ofట close to two roughly mimics the case of balanced budget.

An alternaƟve way to reƟre government debt is through income tax revenue (ఛtYt):

Bt ା ఛitYt ୀ
Rtష1Btష1

ஈt
ା Gt. (10)

where ఛit is the income tax rate. The level of output (Yt) equals to the sum of profit and labour income which are taxed at the
same rate.

The tax revenue rule for the laƩer case is given by:
ఛitYt ୀ టBtష1. (11)

Kaszab and Marsal (2013) have shown that the way government spending is financed affects first and second moments calcu-
lated from the model to non-negligible extent. Therefore, as an alternaƟve of lump-sum taxes we present results for the case
when spending is financed by distorƟonary taxes levied on labour and profit income.

2.5 EQUILIBRIUM

In the symmetric equilibrium all firms make idenƟcal choices so that pt(ఠ) ୀ pt, dt(ఠ) ୀ dt, yt(ఠ) ୀ yt, v
firm
t (ఠ) ୀ vfirmt ,

lt(ఠ) ୀ lt, ఓt(ఠ) ୀ ఓ and pact(ఠ) ୀ pact.

The labour market clearing is given by:

Lt ୀ Ntlt ା NE,t
fE,t
Zt

(12)

where the firm term on the RHS denotes the amount of labour used in producƟon while the second term stands for the amount
of labour employed to set up new firms. One can use equaƟon (12) to back out NE,t in equaƟon (1).

The aggregate output of the consumpƟon basket (YCt ) is used for private (Ct) and public consumpƟon (Gt) and to pay price
adjustment costs:

YCt ≡ Ct ା Gt ା PACt

ୀ Ntఘtyt

ୀ NtఘtZtlt

The previous accounƟng idenƟty says that total absorpƟon (the first line) equals to total producƟon (second line). The last line
made use of the producƟon funcƟon.
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3 Further properƟes of our model

We summarised the equaƟons of the model in Table (1) below. This is slightly different from the Table 5.1 of Bilbiie et al.
(2007) because our extension contains Epstein-Zin preferences and government spending aswell (as in Rudebusch and Swanson
(2012)). Note that the Calvo-type of price sƟckiness used by RS is equivalent to the Rotemberg style price rigidity applied in
Bilbiie et al. (2007) and in this paper. In fact, the Rotemberg price adjustment cost parameter can be set such that it implies
that the same average duraƟon of price sƟckiness as the Calvo model.

The model used in this paper departs from Rudebusch and Swanson (2012) to the extent of i) the inclusion of firm entry, ii) the
omission of fixed capital (and hence fixed investment)⁶ and iii) using a lower esƟmate on the coefficient of output gap in the
Taylor rule (థy ୀ 0.125 which is close to one of the esƟmate by Clarida et al. (1998) instead of థy ୀ 0.93 in Rudebusch and
Swanson (2012)).

We shortly elaborate on points ii) and iii). First, we describe consequences of the omission of fixed capital (see point ii) above).
In Woodford (2003) fixed/firm-specific capital is a way of introducing strategic complementarity into price-seƫng. A higher
level of strategic complementarity manifest in a smaller coefficient on the marginal cost (or output gap) in the New Keynesian
Phillips curve. Thus, the eliminaƟon of fixed capital results in higher coefficient on marginal cost in the Phillips curve and is
equivalent to lower level of price-rigidity in the model. In our model we induced a lower level of price sƟckiness by a smaller
థP which is the parameter of price adjustment costs in the Phillips curve (see equaƟon called markup in Table 1 below).

Regarding iii) we moƟvate low coefficient on the output gap in the Taylor rule for four reasons. First, in our model a coefficient
ofథy ୀ 0.93 leads to indeterminacy⁷ when entry cost is specified in consumpƟon units (discussed below). The highest output
gap coefficient with which the model can be solved is around 0.6. Second, most esƟmated New Keynesian models place small
coefficient on the output gap (see e.g. Smets and Wouters (2007)). Bilbiie et al. (2007) go even further asserƟng that a small
coefficient on the output gap is consistent with the behaviour of the Federal Reserve since that 1980s and places a coefficient
of zero on the output gap in many of their experiments. Third, a small posiƟve output gap coefficient is also in line with the
empirical evidence (see Clarida et al. (1998) and more in the calibraƟon secƟon). Fourth, it is argued below that the higher is
the output gap coefficient the stronger is the negaƟve covariance between consumpƟon and inflaƟon, which is a pre-requisite
for achieving a high term premium on long-term bonds (see Kaszab and Marsal (2013) for more on this).

The behaviour of our model with a zero coefficient on the output gap is contrasted with the case of a small, posiƟve coefficient
(థy ୀ 0.125) by looking at the impulses responses of a posiƟve technology shock (see Figure 1). In both versions the markup
responds posiƟvely on impact although it turns to negaƟve (below zero) sooner when the output gap coefficient is zero.

Most importantly inflaƟon falls more when థy is higher than zero stengthening the negaƟve comovement between consump-
Ɵon and inflaƟon and contribuƟng more to the nominal term premium. The reason why inflaƟon plummets to higher extent
in case of a posiƟve థy is due to the reacƟon of the real interest rate. As Figure 1 indicates real interest rate rises more with
(థy வ 0) and depressing aggregate demand so much that it leads to huge deflaƟon.

Here we provide a brief descripƟon of some equaƟons of interest in Table 1. The first equaƟon is the pricing kernel used to
value payoffs across Ɵme and states of nature. The second and third equaƟons say that the opƟmal price raƟo (or a value of a
variety) equals to the marginal cost with a markup which is Ɵme-varying due to endogenous entry and price rigidity. EquaƟon
four is the variety effect in case of translog preferences (seemore below). AlternaƟvely, the variety effect could operate through

⁶We plan to explore the role of physical capital with adjustment costs in the entry model in another paper.

⁷We do not face this challenge when entry costs are defined in effecƟve labour units.
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FURTHER PROPERTIES OF OUR MODEL

Table 1
Summary of the Model

Pricing kernel 𝒦t,tశ1≡ቆ
Ctశ1

Ct
ቇ
ష

ቈ Vtశ1

(EtV
1షഀ
tశ1 )1/(1షഀ)


షഀ

Pricing ఘt ୀ ఓt
wt

Zt

Markup ఓt ୀ ഇ(Nt)

(ഇ(Nt)ష1)ቈ1ష
ഝP

2
ಀ2
t శഝP(1శಀt)ಀtషഁ(1షഃ)Et𝒦t

Nt

Ntశ1

Y
C
tశ1

Y
C
t

(1శಀtశ1)ಀtశ1

Variety effect ఘt ୀ ୣ୶୮ቆି 1

2

ÑషNt

ഒÑNt

ቇ

ConnecƟon between ఏ and Nt ఓt(Nt) ୀ
ഇ(Nt)

ഇ(Nt)ష1
ୀ 1 ା 1

ഒNt

Profits dt ୀ 1 ି 1
ഋt

ି ഝP

2
ஈ2
t ൨

Y
C
t

Nt

Free Entry vfirmt ୀ wt
fE,t
Zt

Number of firms Nt ୀ (1 ି ఋ)(Ntష1 ା NE,tష1)

Intratemporal CondiƟon ఞCt N
1
ക
t ୀ (1 ି ఛit)Wt

Euler equaƟon (shares) vfirmt ୀ ఉ(1 ି ఋ)Et ቄ𝒦t,tశ1(vfirmtశ1 ା dtశ1)ቅ
Euler equaƟon (bonds) 1ୀఉ𝒦t,tశ1

Rt
1శಀC

tశ1

Output of the consumpƟon sector YCt ୀ 1 ି ഝP

2
ஈ2
t ൨
ష1
(Ct ା Gt)

Aggregate accounƟng YCt ା NE,tV
firm
t ୀ WtLt ା NtDt

CPI inflaƟon 1శಀt
1శಀC

t
ୀ ഐt

ഐtష1

Taylor Rule and the definiƟon of ஈ̄ We adapted the non-linear version of equaƟons (6) and (7).

Plus three more equaƟons describing U(Ct , Lt) ି ఉ ൣEt(ିVtశ1)1షഀ൧
1

1షഀ .

For details see Kaszab and Marsal (2013) and the appendix of Rudebusch and Swanson (2012).

a CES aggregator (ఘ(Nt) ୀ N1/(ഇష1)
t and ఏ is the constant elasƟcity of subsƟtuƟon among goods). Moreover, the variety effect

can be supplemented with a compeƟƟon effect such that elasƟcity of subsƟtuƟon rises in the number of available products as
in equaƟon five⁸. Therefore, the markup which is an inverse funcƟon of ఏ declines in the number of varieƟes. As in Bilbiie et
al. (2007) చ is chosen such that the steady-state number of firms in the CES and the translog case is the same. Kaszab (2014)
provides further evidence that the markup in our model is countercyclical.

EquaƟon six is the definiƟon of profits. EquaƟon seven is the free-entry condiƟon staƟng that the value of the firm (the present
value of profit) equals to a sunk cost. The entry cost could fluctuate for exogenous reasons (Bilbiie et al. (2012) study dereg-
ulaƟon as an exogenous fall in fE,t) but we keep it fixed i.e. fE,t ୀ fE. EquaƟon eight describes the evoluƟon of the number of
firms at Ɵme t (Nt) as a funcƟon of firms in the previous period (Ntష1) and new entrants (NE,tష1) allowing for the fact that some
of exisƟng firms exit with probability ఋ. The interpretaƟon of the rest of the equaƟons is quite standard.

⁸ In the literature there are several ways to induce compeƟƟon effect. In parƟcular, Colciago and Etro (2010a) induce strategic interacƟons among firms
through quanƟty compeƟƟon a la Cournot while Colciago and Etro (2010b) consider compeƟƟon in prices a la Bertrand. Furthermore, Colciago and
Etro (2010b) compare the response of the markup to a temporary technology shock under Cournot, Bertrand and translog preferences and conclude
that compeƟƟon effect is the strongest under translog preferences as in Bilbiie et al. (2012).
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Figure 1
Impulse responses of selected variables to a posiƟve (temporary) technology shock. All of them are expressed in percent-
age deviaƟon from steady-state. InflaƟon, real and nominal interest rates and the return on equity are annualised.

10 20 30 40
0.1

0.2

C

quarters
10 20 30 40

0.1
0.15

0.2

YC

quarters
10 20 30 40

−0.3
−0.2
−0.1

LC

quarters

10 20 30 40
0
1
2
3

LE

quarters
10 20 30 40

−0.08−0.06−0.04−0.020
0.020.04

L

quarters
10 20 30 40

−0.3
−0.2
−0.1

PI

quarters

10 20 30 40
0

0.05
0.1

0.15
NU

quarters
10 20 30 40

0
2
4
6

Real Rate (risk−free)

quarters
10 20 30 40

0

0.02

RHO

quarters

10 20 30 40

0.2

0.4

W

quarters
10 20 30 40

−0.15
−0.1

−0.05
0

0.05
MC(=V)

quarters
10 20 30 40

0
0.5

1
D

quarters

10 20 30 40
−0.08
−0.06
−0.04
−0.02

0

SDF

quarters

 

 
φ

y
=.125

φ
y
=0

10 20 30 40
0

0.2
0.4
0.6

Re

quarters
10 20 30 40

−20
−15
−10

−5

R

quarters

14 MNB WORKING PAPERS • 2015/1



4 ParameterisaƟon and soluƟon
method

Parameter values are collected in Table 3 which closely follows Rudebusch and Swanson (2012). The model is approximated
to the third-order using Dynare (see Adjemian et al. (2011)). We follow Bilbiie et al. (2007) and assume that the entry cost is
unity (fE ୀ 1). We have not found proper guidance⁹ on how to calibrate Ñ so we picked a high value of 10,000 varieƟes. In fact
we do not experience a major change in results when we use either Ñ ୀ 1000 or Ñ ୀ 10, 000. Parameter ఞ0 is chosen such
that steady-state hours worked is normalised to one-third of the total Ɵme endowment (L̄ ୀ 1/3). Data on equity premium
and the standard deviaƟon of equity is taken from Beaubrun-Driant and Tripier (2005). In this paper the implicaƟons of two
different esƟmates of the output gap coefficient (either 0.07 or 0.93) are explored in line with the esƟmates of Clarida et al.
(1998, 2000) and Rudebusch (2002) (for more informaƟon see Table 2). The price-adjustment cost (థP ୀ 77) coincides with
the one in Bilbiie et al. (2007) and is in line with most of the literature.

The steady-state tax rate is pinned down by ఛ ୀ ((1/ఉ)(B/Y)ାG/Y)/(1ା1/ట)where the quarterly steady-state debt-to-GDP
raƟo (B/4Y) is sixty per cent and G/Y is chosen to be 17 per cent that is in line post-war US evidence. As a baseline we set
ట ୀ 0.12 so that the steady-state tax rate is 0.2767 which is slightly higher than that of Linnemann (2006).

Table 2
CalibraƟon

Taylor-rule esƟmates of Clarida et al. (1998, 2000) for the US

ఘ థഏ థy

Rule 1 (Clarida et al. 1998) for 1979-1994 0.92 1.79 0.07

Rule 2 (Clarida et al. 2000) for 1983-1996* 0.79 2.16 0.93

Clarida et al. (1998, 2000) esƟmated the following forward-looking Taylor rule: it ୀ ఘitష1 ା (1ିఘ)[థഏగ̄tశ1 ାథyyt]. In RS గ̄t is used instead of గ̄tశ1,
although we found similar results for the case of గ̄tశ1. *Quite close to the values of RS who uƟlised the esƟmate by Rudebusch (2002): ఘ ୀ 0.73,
థഏ ୀ 2.1 andథy ୀ 0.93 [Remark: in RS inflaƟon is annualised in their Taylor rule and, therefore, థഏ ୀ 0.53 is set].

⁹ Bilbiie et al. (2007, 2012) use the first-order loglinear form of the entry model and they can rewrite the model in such a way that Ñ drops. However,
when the non-linear model is maintained as in this paper Ñ cannot be eliminated.
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Table 3
CalibraƟon

ఙ 2 ఝ 3/2 ఘi 0.73 ఘZ 0.95

ఉ 0.99 CRRA 75 థഏ 0.53 ఘG 0.95

L̄ 1/3 ఏ 0.2 థy 0.125 ఘM 0

G/Y 0.17 థP 77 ஈ∗ 1 ఙ2
Z 0.0052

ఌ 6 ఙ2
M 0.0032

B/(4Y) 0.6 ఙ2
G 0.0042

where G/Y is the government spending-to-GDP raƟo. This table follows the calibraƟon of RS except for the value ofథy andథP which they have chosen
to be 0.93 and 233, respecƟvely.
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5 Results

5.1 ENTRY COST IN EFFECTIVE LABOUR UNITS

5.1.1 EQUITY PREMIUM

The mean excess return on equiƟes (i.e. equity risk-premium) is 3-7 per cent depending on the sample considered and the
annualised standard deviaƟon of equiƟes is at least 15 per cent (see, e.g., Donaldson and Mehra (2008)). Equity premium is
defined as the return on the profit (dividend) claimminus the return on the risk-free asset. All profits are paid out as dividends.
Our New Keynesianmodel with costly firm entrymodel produces a high equity premium relaƟve to the baseline New Keynesian
model without entry. Table 4 reports macro and finance staƟsƟcs of the models with/without entry for different values of the
output gap coefficient in the Taylor rule. The success of the entry model at explaining the equity premium is due to the strong
posiƟve correlaƟon between dividends and equity return that is absent in themodel without entry. In parƟcular, this correlaƟon
is 0.87 in CES while 0.95 in the translog case. It is important to emphasize that the entry model generates a high mean of the
equity premium independently of the recursive preferences in the model. There is no need for Epstein-Zin preferences and/or
high risk-aversion to arrive at a high equity premium from the entry model.

EquiƟes are considered to be risky when their real returns comoves strongly with the business cycle (output) in general. The
return on equity is procyclical in the model when the variety effect is in CES form (this correlaƟon of the equity with output is
0.35). IntuiƟvely, it is risky to hold equity because it brings low real returns in bad Ɵmes when consumpƟon is valued the most
(the marginal uƟlity of consumpƟon is high or, equivalently, consumpƟon is low). Another essenƟal contributor to risk premia
is the strong posiƟve correlaƟon between profits and inflaƟon.

The average annual volaƟlity of equiƟes is found to be at least 15 per cent in the data (see, e.g., Donaldson and Mehra (2008)).
Currently our entrymodel with fiscal policy can capture roughly one-fourth of this volaƟlity (see the last row and the last column
of Table 6). Further research should be done to explore the ways of improving the fit of the model to the volaƟlity of equity.

5.1.2 INFLATION RISKS

In this secƟon we argue that our model exhibits inflaƟon risks when coefficient on the output gap in the Taylor-rule is small.
Before that we shortly summarise the empirical evidence on the inflaƟon risk content of long-term nominal bonds. Early studies
which do not include informaƟon from indexed bonds usually predict substanƟal inflaƟon risk-premia based on no-arbitrage
models. One such paper is by Buraschi and Jiltsov (2005) who find an average inflaƟon risk premium of 70 basis points from
1960. Ang et al. (2008) esƟmate a term-structure model in which US inflaƟon display regime-switching and report an inflaƟon
risk premium of around 115 basis points on average for bonds of five-year maturity over the period 1952-2004. Studies that
incorporate informaƟon from indexed bonds reveal smaller esƟmates. For instance, Durham (2006) esƟmates a no-arbitrage
model using US TIPS data and find a slightly posiƟve inflaƟon risk-premia for the sample starƟng at 2003. Before 2003 risk
premia on 10-year inflaƟon indexed bonds reflected liquidity risks rather than inflaƟon risks. D’Amico et al. (2008) employ a
model similar to Durham (2006) uƟlising data from 1990 onwards and report a posiƟve and relaƟvely stable 10-year inflaƟon
risk premium of about 50 basis points.

InflaƟon risks can be approximated to high precision in case of a third-order Taylor approximaƟon that we make use of as
the difference between nominal and real term premia (see Andreasen (2012)). The case when entry cost is defined in terms
of effecƟve labour units is treated as the baseline in Bilbiie et al. (2012) and in our paper as well. We present a detailed
decomposiƟon of the nominal and real term premium in Table 4. In parƟcular, nominal term premium is calculated as the
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difference between the yield on a 10-year nominal bond held by a risk-averse investor (yieldnom10-year) and the yield on a nominal
bond that is rolled over—in each quarter—for 10 years (yieldnom, eh

10-year ). The laƩer can be interpreted as the yield expected by a
risk-neutral investor and is consistent with the expectaƟons hypothesis (eh) of the term structure. Similarly, real term premium
is the difference between the same measures but for inflaƟon-indexed (real) bonds i.e. RTP=yield౨ౢ10-yearିyield

౨ౢ , eh
10-year .

We make the following observaƟons. First, the correlaƟon between inflaƟon and consumpƟon growth is negaƟve in our model
unlike the RS without entry where it is slightly negaƟve only when coefficient on output gap is high in the Taylor-rule. Second,
nominal uncertainty (ఙ(గ̂)) is much higher in the model with entry (5.43) than in the model without entry (1.63). Third, real
uncertainty (ఙ(ĉ)) is higher in the model with entry. Fourth, nominal term premium is higher in the model without entry
irrespecƟvely of the size of the coefficient on the Taylor rule. FiŌh, RTP is low in the model without entry when output gap
coefficient is high and there are substanƟal inflaƟon risks with the opposite being true in case of a high coefficient on the
output gap. Sixth, exactly the inverse of observaƟon five is true in our model i.e. RTP is high in the model with entry.

Beforewe provide intuiƟon regarding the previous observaƟons, it is worth having a look at nominal and real yield curves aswell
as the inflaƟon risk premium obtained from the entry model (see Figure 2). On the leŌ-hand side of the graph we can see that
the nominal yield curve is above the real yield curve mainly for bonds with maturiƟes of at least 10 or 15 quarters depending
on whether lump-sum or distorƟonary taxaƟon is assumed. The difference between nominal and real term structure captures
inflaƟon risks. On the right hand side we observe that the nominal term premium is higher than real term premium and, thus,
inflaƟon risks emerge. The previous plot is generated based on the assumpƟon that the coefficient on the output gap is low
(థy ୀ 0.125).

However, the RS model without entry implies posiƟve inflaƟon risks only when the coefficient on the output gap is high (థy ୀ
0.93). To show this we plot yield curves of the RS model without entry on Figure 3. On the leŌ panel of the preceding figure
inflaƟons risks are posiƟve for థy ୀ 0.93 while, on the right panel, they are negaƟve for థy ୀ 0.125. Hördahl et al. (2008)
employ a model similar to RS with low coefficient on the output gap and also find that inflaƟon risks are zero. It is well-known
about the New Keynesian model that the higher is the coefficient on the output gap in the Taylor rule (ceteris paribus) the
higher is the standard deviaƟon of inflaƟon (or other nominal variables in general) and the amount of inflaƟon risks (see e.g.
Clarida et al. (1999)). Hence, the size of the coefficient on the output gap appears to be a key determinant of inflaƟon risks.

One can gain insight into the workings of the models with/without entry by inspecƟng the inflaƟon and output gap volaƟlity
trade-off. In the RS model without entry the inflaƟon-output gap volaƟlity trade-off is the standard one: a higher coefficient on
the output gap reduces real uncertainty (the standard deviaƟon of the output gap) and raises nominal uncertainty (the standard
deviaƟon of inflaƟon) (see, e.g., Clarida et al. (1999)). Rather surprisingly this trade-off becomes non-linear aŌer adding entry
to the New Keynesian model. For an output gap coefficient of lower than 0.5 the trade-off is maintained similar to the standard
New Keynesian model. However, for output gap coefficients of 0.5 or above the trade-off between inflaƟon and output gap
volaƟlity disappears. Figure (4) and (5) show that these findings are independent of the specificaƟon of the entry costs that can
be either in effecƟve labour units or in consumpƟon units (see more on this below), respecƟvely. The figures also indicate that
the standard deviaƟons for both inflaƟon and output gap are higher for the entry model in general.

AŌer comparing Figure 6 and 7 we recognise that the response of the short-term real interest rate on impact is much stronger
in the model with entry compared to the one without entry implying that real interest rate increases to a large extent in order
to counteract the sizeable real and nominal uncertainty when coefficient on the output gap is high (థY ୀ 0.93). Also it is
not surprising that the short-term real rate jumps more in the entry model where there is an addiƟonal surge in GDP due to
higher investment into new firms which the central bank aims to counteract. Figure 6 and 7 also reveal that differences in the
short-term real rates are reflected by long-term real rates as well. Indeed, the 10-year real rate (yield౨ౢ10-year) falls in the model
without entry aŌer a posiƟve innovaƟon to technology while 10-year real rate in the entry model jumps to the same shock.
These differences are more pronounced the higher is the coefficient on the output gap.

Therefore, it follows that our model implies low real term premium when the output gap coefficient is large. When the coeffi-
cient on the output gap is high real risks emergewhich are reflected by the higher real term premium. In the laƩer case the infla-
Ɵon risk premium turns to negaƟve. On the contrary the entrymodel exhibits substanƟal real term premium (real/consumpƟon
risks) and a reduced nominal term premium for a high output gap coefficient and, thus, there are no inflaƟon risk which is, in
fact, negaƟve.

Finally we compare models without and with entry in case of a low output gap coefficient. As shown before the volaƟlity of
inflaƟon is higher in the entry model than in the one without entry. Hence the entry model is more successful in producing
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Figure 2
Yield curves, nominal and real term and inflaƟon-risk premium
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Figure 3
Yield curves from the Rudebusch and Swanson (2012) model without entry and with different coefficients on the output
gap.
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a high nominal term premium. Importantly we find that the 10-year real rate consistent with the expectaƟons hypothesis
(yield౨ౢ , eh10-year ) is smaller in the model without entry. This happens because of the precauƟonary savings effect which is stronger
in the entry-less model leading to lower real interest rates but higher real term premium. In the opposite case, firm-entry can
be interpreted as a mechanism for households to insulate themselves from negaƟve outcomes of technology and to rely less
on precauƟonary savings to smooth consumpƟon.

Table 4
UncondiƟonal moments of the term-structure

UncondiƟonal Data థY ୀ 0.93 థY ୀ 0.125
moments RS model without entry

corr(ĉ, గ̂) -0.35* -0.20 0.11

ఙ(గ̂) 2.52 1.63 0.92

ఙ(ĉ) 1.96* 0.86 0.74

(a) yieldnom10-year 6.94^ 4.3792 3.7524

(b) yieldnom, eh
10-year na 3.8443 3.3306

(c) yield౨ౢ10-year 1.96^ 3.8665 3.8263

(d) yield౨ౢ , eh10-year na 3.8443 3.3306

(e) NTP(=a-b) 1.06 0.53 0.42

(f) RTP(=c-d) ≃ 1.00∘ 0.01 0.49

IRP(=e-f) 0.5∘ 0.51 -0.07

EQPR 6.2 1.08 0.81

Our model

corr(ĉ, గ̂) -0.35* -0.45 -0.55

ఙ(గ̂) 2.52 5.43 1.38

ఙ(ĉ) 1.96* 2.16 1.83

(g) yieldnom10-year 6.94^ 3.6551 4.0898

(h) yieldnom, eh
10-year na 3.5221 3.8234

(j) yield౨ౢ10-year 1.96^ 3.9872 3.9314

(k) yield౨ౢ , eh10-year na 3.5254 3.8482

(l) NTP(=g-h) 1.06 0.13 0.24

(m) RTP(=j-k) ≃ 1.00∘ 0.46 0.08

IRP(=l-m) 0.5∘ -0.33 0.16

EQPR 6.2 11.43 10.51

where yieldnom10-year (yield
౨ౢ
10-year) stands for the uncondiƟonal mean on a 10-year nominal (real) bond while yieldnom, eh

10-year
(yield౨ౢ , eh

10-year
) denote yields for a

10-year nominal (real) bondwhich is consistentwith the expectaƟons hypothesis of the term structure. Corr,ఙ, NTP, RTP, IRP and EQPRare abbreviaƟons
of the uncondiƟonal correlaƟon, standard deviaƟon, nominal term premium, real term premium, inflaƟon risk premium and equity premium. Data on
ఙ(గ) and NTP is from Rudebusch and Swanson (2012). All simulated results in this table are generated by a 2nd order approximaƟon of the non-linear
models using our baseline calibraƟon in Table 3.
*the source is Binsbergen et al. (2012) who used US NIPA data over 1953-2008.
^the source are the databases of Gürkaynak et al. (2007, 2008).
∘inflaƟon risk premium and RTP is the esƟmate by D’Amico et al. (2008). They note that most of the RTP is liquidity premium (especially in the early
years of TIPS). None of the models in this paper can capture liquidity risks.
na=not idenƟfied from the data.

5.1.3 UNCONDITIONAL MOMENTS

Table 5 collects several simulated macro and finance moments. The first column is taken from RS and contain moments calcu-
lated from US data for the period 1961-2007. The second column shows simulated moments based on our reproducƟon of the
RS model (our results and theirs are quite similar). The third column (denoted with A) provides simulated moments of the RS
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Figure 4
Trade-off between inflaƟon and output-gap volaƟlity in the Rudebusch and Swanson (2012) model with and w/o entry
(entry costs are specified in effecƟve labour units). The coefficient on the output-gap increases as we move from leŌ to
the right.
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Figure 5
Trade-off between inflaƟon and output-gap volaƟlity in the Rudebusch and Swanson (2012) model with and w/o entry
(entry costs are specified in consumpƟon units). In this case we faced difficulƟes with simulaƟons when the output-gap
coefficient was higher than థy வ 0.5 so that we graph inflaƟon-output-gap volaƟlity pairs for థy ∈ [0.125, 0.5]. The
coefficient on the output-gap increases as we move from leŌ to the right.
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Figure 6
Impulse responses of selected variables to a posiƟve (temporary) technology shock using the Rudebusch and Swanson
(2012) model with entry. All of them are expressed in percentage deviaƟon from steady-state. InflaƟon, real and nominal
interest rates and the return on equity are annualised.
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Figure 7
Impulse responses of selected variables to a posiƟve (temporary) technology shock using the Rudebusch and Swanson
(2012) model without entry. All of them are expressed in percentage deviaƟon from steady-state. InflaƟon, real and
nominal interest rates and the return on equity are annualised.
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model with firm entry using temporary technology and fiscal shocks. All the columns except for E and F are based on the model
in which government spending is financed by lump-sum taxes. However, column E and F present an alternaƟve when spending
is covered through income taxaƟon as in the previous chapter.

Nominal term premium on a long-term bond, say a 10 year-bond, is computed as the return on the risky 10-year bond minus
the return on a bond that is rolled over for 10 years. The yield on the laƩer strategy is oŌen called as risk-neutral yield which
is consistent with the expectaƟons hypothesis of the term structure. Besides the mean and standard deviaƟon of the nominal
term premiumwe report its alternaƟvemeasures like the slope of the term structure and the excess holding period return. The
slope of the term structure is the difference between the yield on a long-term bond (say a 40-quarter bond) and the short-term
bond (R(40) ି R). The excess holding period return (x(40)) is defined e.g. for a 40-quarter bond as: p(39)t /p(40)tష1 ି Rtష1where the
first term is the gross return to holding the 40-quarter bond for one period (p is the price of the bond) and the second term is
the gross one-period risk-free rate.

Consistent with Bilbiie et al. we also provide moments of real variables that are consistent with the change in the composiƟon
of goods of the consumpƟon basket aŌer the arrival of new varieƟes. In parƟcular, a data-consistent variable X̃ is calculated as
X/ఘ where ఘ is the price raƟo that changes with the appearance of new varieƟes. Data-consistent variables can be found in
column B, D and F. Generally, data-consistent standard deviaƟons are higher than the baseline ones except for consumpƟon.

The inclusion of the monetary policy shock (see columns C and D) facilitates the match of data for nominal and real interest
rates. Also, we establish aŌer comparing columnAwith columns C andD that ourmodel containing all three shocks outperforms
the RS model without entry in achieving higher standard deviaƟons for short-term nominal and real interest rates and a lower
standard deviaƟon for consumpƟon. A shortcoming of our model is the small standard deviaƟon of labour compared to data.
However, the introducƟon of fiscal policy with income taxaƟon miƟgates this problem to some extent (see columns E and F).
On the negaƟve side fiscal policy with income taxaƟon further magnifies the standard deviaƟon of real wage deparƟng more
from its empirical counterpart. It deserves some explanaƟon why fiscal policy with income taxaƟon is able to raise the standard
deviaƟon of labour and real wage.

Fiscal policy has subsƟtuƟon and wealth effects. The higher variability of hours worked is associated with a rise in government
spending that is covered (partly) by higher labour taxesmaking people reduce (increase) their labour supply due to the subsƟtu-
Ɵon (wealth) effect. At the same Ɵme income taxaƟon leads to higher standard deviaƟon of the pre-tax real wage compared to
the lump-sum taxes case and we depart more from its empirical counterpart. Thus, fiscal policy with income taxaƟon improves
(worsens) the fit in terms of labour (real wage).

5.2 ENTRY COST IN CONSUMPTION UNITS

5.2.1 UNCONDITIONAL MOMENTS

In the previous secƟon entry cost is defined in units of effecƟve labour that is equal to the firm’s value (vt ୀ wt
fE,t
At

). Following

Bilbiie et al. (2012) we can instead assume that all labour is uƟlised in the goods-producing sector and entry cost is defined
in units of the consumpƟon basket (entry cost has a different notaƟon now: fCE,t). SƟll we maintain the assumpƟon that entry
cost is constant (fCE,t ୀ fCE for all t). This modificaƟon imply some changes in the equaƟons listed in Table 1 above. In parƟcular,
there is no need to differenƟate output of the consumpƟon sector from thewhole GDP so that the accounƟng idenƟty becomes
Yt ୀ Ntఘtyt ୀ wtLt ା Ntdt and there is no longer sectoral reallocaƟon of labour between product creaƟon and producƟon of
consumpƟon goods. This also means that Yt replaces Y

C
t in the definiƟon of profits and there is no need for a separate equaƟon

defining YCt . Remember that in the model of Bilbiie et al. the real price of investment (vt) is Ɵme-varying and is equal to the

entry cost in effecƟve labour units (wt
fE,t
At

). However, in this case the consumpƟon-based price of investment is constant and

equal to one unit of consumpƟon (aŌer imposing the normalisaƟon of fCE ୀ 1 as in Bilbiie et al.)

Results from applying a second-order approximaƟon¹⁰ to the model are collected in Table 6. The structure of the columns is
similar to that of the previous table. This version of the model definitely improves upon the baseline one not just in terms

¹⁰ Unfortunately, we obtain a non-trivial error in Dynare when taking a third-order approximaƟon so we have to rely on second-order approximaƟon in
this case.
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of higher nominal term premium but also producing higher standard deviaƟons for both macro and finance moments. The
standard deviaƟon of the nominal term premium is zero because of the second-order approximaƟon. However, it would turn
to posiƟve with an approximaƟon to the third-order¹¹.

It also needs to be added that distorƟonary fiscal policy elevates real/consumpƟon risks and not inflaƟon risks in this version
of the model. An analogous way of staƟng this is that the addiƟonal increase nominal term premium occurs due to a rise in
the real term premium and not inflaƟon risk premium. This is in stark contrast to RS where the high nominal term premium is
due to substanƟal inflaƟon risks. It seems to be reasonable that the model with entry costs in effecƟve labour units predicts
higher inflaƟon risks than the model where entry costs are in consumpƟon units as the former one implies higher wage costs
to finance new entrants following a posiƟve producƟvity shock and also higher marginal cost and inflaƟon through the New
Keynesian Phillips curve.

5.2.2 ROBUSTNESS CHECKS

In Table (7) we perform robustness checks using the model in which entry costs are expressed in terms of consumpƟon units
and government spending is covered by income taxes. All three shocks are employed. In column A and B we gauge how much
our results change in the absence of price-rigidity i.e. seƫng థP ୀ 0 which is the case of fully flexible prices. In line with
findings of previous literature (see, e.g., de Paoli et al. (2010)), nominal term premium has increased. However, the standard
deviaƟon of real interest rate became counterfactually low.

Some papers like Binsbergen et al. (2012) argue that it is relaƟvely easier to generate high equity premium with lower EIS as in
our paper rather than a higher one. In Column C and D we cut EIS to 0.3, ceteris paribus. Even if there is some improvement
in terms of matching standard deviaƟon of the equity return, the model undershoots in terms of the volaƟliƟes of finance
variables relaƟve to data. Most importantly, we find that the size of the equity premium is not affected by the higher EIS.

In column E and F we invesƟgate into the case of a lower Frisch elasƟcity (1/ఝ ୀ 0.28). On the negaƟve side, the model
overshoots the standard deviaƟon of consumpƟon, real wage and hours worked relaƟve to data. On the posiƟve side the
finance moments are closer to the data. For instance, nominal term premium has risen to 75 basis points from 55 basis points.

In the last two columns (G and H) EIS and Frisch elasƟcity are simultaneouly reduced while risk-aversion is increased—as a
further aƩempt to match data (for a similar experiment see RS and also Kaszab and Marsal (2013))—to values which can help
match the empirical level of the nominal term premium. In parƟcular, the EIS, the Frisch elasƟcity and risk-aversion are set to
0.3, 0.28 and 85 respecƟvely. In RS without entry risk-aversion needs to be raised to 110 in order to arrive at a high mean value
of the nominal term premium consistent with data. However, the RSmodel with entry allows us to produce the empirical mean
of the nominal term premium with smaller upward movement in risk-aversion (to 85) relaƟve to the baseline value (75).

¹¹ This confirms Rudebusch and Swanson (2012) who argue that the nominal term-premium is Ɵme-varying only when the model (or, at least, the
asset-pricing equaƟons) is approximated to the third-order.
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6 Conclusion

This paper has shown that the Rudebusch and Swanson (2012, RS) model extended with firm entry can jointly explain the high
empirical means of bond and equity premium reasonably well without worsening the fit of the model to key macroeconomic
variables. In our model the procyclical firm entry is the major contributor to the equity premium. Both bond and equity
premium are driven by supply shocks in the model. For example, posiƟve temporary technology shocks ignite firm entry due to
higher expected profits. All profits are paid back to households in the form of dividends. Bad Ɵmes are associated with a series
of negaƟve supply shocks, less investment into new firms, lower profit income and smaller return on equiƟes. Hence, investors
command a premium on equiƟes due to their procyclical nature.

The nominal term premium (a type of risk premium) on long-term default-free bonds (like US Treasuries) emerges due to the
negaƟve covariance between consumpƟon growth and inflaƟon induced by temporary producƟvity shocks. For instance, a low
realisaƟon of producƟvity causes low consumpƟon and high inflaƟon eroding the real return of nominal bonds. Therefore,
nominal bonds which bring low real return in bad Ɵmes are considered to be risky.

We have argued that the RS model without entry generates inflaƟon risks only when the output gap coefficient in the Taylor
rule is high. This happens because a high output gap parameter enlarges the standard deviaƟon of inflaƟon and, thus, inflaƟon
risks. However, the entry model gives rise to inflaƟon risks even when the coefficient on the output gap is low for two reasons.
On one hand the entry model exhibits higher variability of inflaƟon (and also inflaƟon risks) than the model without entry
independently of the value of the output gap parameter. On the other hand households can smooth their consumpƟon beƩer
through the wider range of varieƟes due to entry. As a consequence real term premium (and also real risk) is lower in the entry
model.

A shortcoming of our model is that it cannot capture the enormous volaƟlity of the stock return (15 per cent). Therefore, future
research should address the ways our model can increase the standard deviaƟon of the return on equity without magnifying
the volaƟlity of macro variables extremely. This is quite a challenging exercise if we insist on small-size shocks as done in this
paper. However, an extension of our model with capital definitely deserves further exploraƟon.
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Table 5
Simulated Moments from Variants of Our Model Compared to US Data (in this variant of the model entry costs are in
effecƟve labour units)

UncondiƟonal US data, ℛ𝒮 ℛ𝒮ᇲ A B C D E F

Moment 1961-2007

SD(C) 0.83 1.42 1.58 0.93 0.87 1.01 0.97 1.15 1.09

SD(L) 1.71 1.5 1.12 0.40 0.63 0.43 0.66 0.59 0.83

SD(W) 0.82 1.32 1.64 1.33 1.33 1.47 1.49 1.54 1.52

SD(గ) 2.52 1.64 1.04 1.44 - 1.62 - 1.59 -

SD(R) 2.71 1.6 1.18 1.43 - 2.01 - 2.09 -

SD(Rreal) 2.30 0.93 0.77 0.57 0.63 1.87 2.06 1.9 2.07

SD (R(40)) 2.41 0.85 0.58 1.01 - 1.03 - 0.96 -

Mean(NTP(40)) 1.06 0.39 0.42 0.28 - 0.29 - 0.30 -

SD(NTP(40)) 0.54 0.04 0.01 0.02 - 0.02 - 0.02 -

Mean(R(40) ି R) 1.43 0.43 0.49 0.27 - 0.30 - 0.37 -

SD(R(40) ି R) 1.33 0.9 0.68 0.56 - 1.47 - 1.58 -

Mean(x(40)) 1.76 0.69 0.87 0.48 - 0.51 - 0.57 -

SD(x(40)) 23.43 7.81 6.07 8.94 - 9.14 - 8.85 -

Equity Premium 6.2 0.85 0.81 7.46 - 7.49 - 10.61 -

SD(Re) 15.98 1.20 1.20 1.46 1.29 2.63 2.68 2.75 2.79

where SD=standard deviaƟon, NTP(40)=nominal term premium on a 40-quarter bond, Mean=UncondiƟonal Mean, R(40)ିR is the slope and x(40) is the
excess holding period return for a 40-quarter bond. Re is the return on equity. Each version of the models listed above uƟlises the baseline calibraƟon
of Rudebusch and Swanson (2012) that does not fit finance moments of US data (neither here nor in their paper).
ℛ𝒮=reproducƟon of the results of Rudebusch and Swanson (2012) without entry (Note that their results are very close to ours.) using their calibraƟon.
ℛ𝒮ᇲ shows results from the RS model using our baseline calibraƟon. Both ℛ𝒮 and ℛ𝒮ᇲ contain technology, fiscal (lump-sum taxaƟon) and monetary
policy shocks.
Columns A-F make use of our model with the baseline calibraƟon in Table 3 and employing the following shocks:
A=Technology and fiscal shock (lump-sum taxaƟon).
B=Technology and fiscal shock (lump-sum taxaƟon), data-consistent real variables.
C=Technology, fiscal (lump-sum taxaƟon) and monetary policy shocks.
D=Technology, fiscal (lump-sum taxaƟon) and monetary policy shocks, data-consistent real variables.
E=Technology, fiscal (income taxaƟon) and monetary policy shocks.
F=Technology, fiscal (income taxaƟon) and monetary policy shocks, data-consistent real variables.
Note that column ℛ𝒮ᇲ is comparable only with columns C (and D) as they are based on the same types of shocks and the same calibraƟon.
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Table 6
Simulated Moments from Variants of Our Model Compared to US Data (in this variant of the model entry costs are in
consumpƟon units)

UncondiƟonal US data, ℛ𝒮ᇲ A B C D E F

Moment 1961-2007

SD(C) 0.83 1.60 1.12 0.98 1.33 1.08 1.58 1.41

SD(L) 1.71 1.17 0.83 1.28 0.92 1.50 0.92 1.31

SD(W) 0.82 1.63 1.18 1.09 1.87 1.75 1.89 1.72

SD(గ) 2.52 1.06 1.58 - 1.90 - 2.03 -

SD(R) 2.71 1.22 1.53 - 2.21 - 2.61 -

SD(Rreal) 2.30 0.80 0.54 0.64 0.97 1.16 1.25 1.36

SD (R(40)) 2.41 0.59 0.88 - 1.59 - 1.10 -

Mean(NTP(40)) 1.06 0.42 0.30 - 0.38 - 0.55 -

SD(NTP(40)) 0.54 0.00 0.00 - 0.00 - 0.00 -

Mean(R(40) ି R) 1.43 0.46 0.47 - 0.57 - 0.70 -

SD(R(40) ି R) 1.33 0.71 0.75 - 1.59 - 1.83 -

Mean(x(40)) 1.76 0.73 0.80 - 0.94 - 1.18 -

SD(x(40)) 23.43 6.17 7.95 - 9.20 - 11.78 -

Equity Premium 6.2 0.81 10.77 - 11.00 - 11.17 -

SD(Re) 15.98 1.22 1.63 1.94 1.88 3.66 2.44 4.10

where SD ୀstandard deviaƟon, NTP(40)=nominal term premium on a 40-quarter bond, Mean=UncondiƟonal Mean, R(40) ି R is the slope and x(40)

is the excess holding period return for a 40-quarter bond. Re is the return on equity. Each version of the models listed above uƟlises our baseline
calibraƟon similar to the one of Rudebusch and Swanson (2012) that does not fit finance moments of US data (neither here nor in their paper). Note
that we are unable to carry out a third-order approximaƟon when entry cost is specified in consumpƟon units as Dynare stops with a non-trivial error.
Thus we have to resort to a second-order approximaƟon when calculaƟng moments in this table (column ℛ𝒮ᇲ is also true to the second-order).
ℛ𝒮ᇲ=reproducƟon of the results of Rudebusch and Swanson (2012) without entry (Note that their results are close to ours.) using our baseline cali-
braƟon. The ℛ𝒮ᇲ model contains technology, fiscal (lump-sum taxaƟon) and monetary policy shocks.
Columns A-F make use of our model with the baseline calibraƟon in Table 3 and employing the following shocks:
A=Technology and fiscal shock (lump-sum taxaƟon).
B=Technology and fiscal shock (lump-sum taxaƟon), data-consistent real variables.
C=Technology, fiscal (lump-sum taxaƟon) and monetary policy shocks.
D=Technology, fiscal (lump-sum taxaƟon) and monetary policy shocks, data-consistent real variables.
E=Technology, fiscal (income taxaƟon) and monetary policy shocks.
F=Technology, fiscal (income taxaƟon) and monetary policy shocks, data-consistent real variables.
Note that column ℛ𝒮ᇲ and columns C and D are comparable as based on the same calibraƟon and same shocks.
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Table 7
Simulated Moments of Our Model Compared to US Data

UncondiƟonal US data, A B C D E F G H

Moment 1961-2007

SD(C) 0.83 1.75 1.64 1.16 0.98 1.72 1.61 1.42 1.32

SD(L) 1.71 0.42 0.85 1.25 1.79 0.73 1.06 0.89 1.35

SD(W) 0.82 2.03 1.93 1.95 1.80 2.73 2.77 2.73 2.75

SD(గ) 2.52 5.02 - 1.78 - 2.40 - 2.33 2.48

SD(R) 2.71 2.65 - 2.51 - 2.77 - 2.89 -

SD(Rreal) 2.30 0.71 0.81 1.18 1.32 1.21 1.37 1.23 1.37

SD (R(40)) 2.41 1.19 - 1.08 - 1.30 - 1.51 -

Mean(NTP(40)) 1.06 0.67 - 0.51 - 0.75 - 1.06 -

SD(NTP(40)) 0.54 0.00 - 0.00 - 0.00 - 0.00 -

Mean(R(40) ି R) 1.43 0.78 - 0.52 - 0.84 - 1.09 -

SD(R(40) ି R) 1.33 1.61 - 1.73 - 1.81 - 1.78 -

Mean(x(40)) 1.76 1.23 - 0.91 - 1.44 - 1.93 -

SD(x(40)) 23.43 13.10 - 11.13 - 13.25 - 14.69 -

Equity Premium 6.2 10.57 - 11.11 - 11.47 - 11.87 -

SD(Re) 15.98 1.69 1.78 2.03 3.73 2.79 4.16 2.66 3.97

where SD ୀstandard deviaƟon, NTP(40)=nominal term premium on a 40-quarter bond, Mean=UncondiƟonal Mean, R(40) ି R is the slope and x(40) is
the excess holding period return for a 40-quarter bond. Re is the return on equity.
Here we used the second version of the entry model where entry costs are defined in consumpƟon units. All three types of shocks are employed and
spending is financed by income taxaƟon. Note that we are unable to carry out a third-order approximaƟon when entry cost is specified in consumpƟon
as Dynare stops with a non-trivial error. Thus we have to resort to a second-order approximaƟon when calculaƟng moments in this table.
Columns A-H make use of our model with our calibraƟon in Table 3 except for the following modificaƟons:
A=removing price rigidity (థP ୀ 0).
B=removing price rigidity (థP ୀ 0), data-consistent real variables.
C=Lower elasƟcity of intertemporal subsƟtuƟon (EIS ୀ 1/ఙ ୀ 0.3 instead of the baseline 0.5).
D=Lower elasƟcity of intertemporal subsƟtuƟon (EIS ୀ 1/ఙ ୀ 0.3 instead of the baseline 0.5), data-consistent real variables.
E=Lower Frisch elasƟcity of labour supply (1/ఝ ୀ 0.28 instead of the baseline 2/3).
F=Lower Frisch elasƟcity of labour supply (1/ఝ ୀ 0.28 instead of the baseline 2/3), data-consistent real variables.
G=Lowering EIS to 0.3 and Frisch elasƟcity to 1/ఝ ୀ 0.28.
H=Lowering EIS to 0.3 and Frisch elasƟcity to 1/ఝ ୀ 0.28, data-consistent real variables.
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