EUROSUSTEEM

Firm Turnover and Inflation
Dynamics

Lenno Uuskula

Working Paper Series

1/2015



The Working Paper is available on the Eesti Pank web site at:
http://www.eestipank.ee/en/publications/series/working-papers

For information about subscription call: +372 668 0998; Fax: +372 668 0954
e-mail: publications@eestipank.ee

ISBN 978-9949-493-52-4
Eesti Pank. Working Paper Series, ISSN 1406-7161; 1/2015



Firm Turnover and Inflation Dynamics

Lenno Uuskula

Abstract

This paper examines the role of firm turnover in explaining inflation
dynamics. | augment a New-Keynesian DSGE model with endogenous
entry and exogenous stochastic exit and estimate with the Bayesian full
information approach for the US economy. Results show that shocks to
the entry cost explain more than half of the inflation variance at the busi-
ness cycle frequencies. When it is cheap to create firms, the number of
new firms goes up and inflation increases as labour intensive creation of
firms pushes up the demand for labour. Only gradually, when the num-
ber of firms is high and the number of new firms goes down again, does
inflation fall, as stressed by the standard mechanism for an increasing
number of firms.
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Non-technical summary

A lot has been said since the great recession about the nestidotural
reform and this discussion has also touched on measuresittata company
creation. At the same time, inflation has been relativelydod so it is impor-
tant to ask whether support for company creation will raiseower the rate
of inflation.

The creation of new companies and an increase in the numhsemaba-
nies is usually associated with low inflation. Assessingdbenection be-
tween the number of companies and inflation while contrglit the same
time for all other indicators, including costs, revealsttinflation falls when
there are more companies. The reason for this is that inedea@mpetition
brings prices down. The same logic applies in this artitleugh the results
show that inflation initially increases when new companiescaeated. Rising
inflation is driven by higher demand for labour because lalbesources are
needed for the creation of companies, as not only are thematpnal tasks to
do, but a business plan needs to be drawn up, products ocegneated, and
clients found. But high demand for labour raises wages, wimi¢hrn leads
to arise in inflation. Once the effect of the shock dissipatesthere are a lot
of companies in existence, with new ones being added onlyeatisual rate,
inflation starts to fall.

Although this is a technology shock, it has the features oémahd-side
shock, meaning that total output and inflation move in theesdirection. If it
is expensive to create a company and the total output of theosay is low,
then inflation is also low. In economic policy terms it is innfant for central
banks managing inflation to moderate the GDP cycle causediy\sside
shocks, as low inflation leads to a fall in monetary policerest rates.

Inflation is usually one of the indicators that is hard to explempiri-
cally and the main shocks that affect inflation are exogemoask-up and
cost shocks, though these do not affect other economicatati€. However,
the results of this article show the importance of the costklirom creating
companies in setting inflation. Such shocks can describe than half of the
total dynamics of inflation and a large part of the variatiorhours worked
and in the creation of companies.

The results come from a New Keynesian dynamic stochastiergeaqui-
librium model, which is estimated using the Bayesian fukklikood approach
on US data. The model is based on the work of Smets and Wo2@03),
Uhlig (2007) and Bilbiie, Ghironi and Melitz (2012). Housddi® consume
and do work, and companies are divided into two sectors. Coiapan the
end-production sector aggregate input goods to producgucoer goods and



there is a set number of companies in this sector and full etitgm. Com-
panies producing input goods, however, operate in a markietmonopolistic
competition. Creating a company takes work and the numbeomipanies
in the sector producing input goods is set by the free entndition. Some
companies cease operations during each period and thef tate is random.

The interest rate rule for the central bank is based on thiofTayle and the
interest rate reacts mainly to inflation.
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1. Introduction

The New-Keynesian Phillips curve is one of the cornerstarieyynamic
stochastic general equilibrium (DSGE) models. Howevegrrets and Wouters
(2007) exogenous price markup shocks explain more tharohtie variance
in inflation during the first years after a shock and later byevaost-push
shocks. This paper examines the role of firm turnover in iioitatlynamics.
The number of firms enters the New-Keynesian Phillips cuimexty and can
therefore potentially help to improve the fit of the equation

To study the role of firm turnover in inflation | augment a mexdiscale
sticky price and sticky wage New Keynesian DSGE model such/fdg)
(2009) or Smets and Wouters (2007) with endogenous firm amiaystochas-
tic exogenous exit. The creation of firms is labour intensivd the number of
firms is determined by free entry condition. The law of motfonthe num-
ber of firms is based on Bilbiie et al. (2012). In the model thenhar of
firms enters the Phillips curve and influences markup dynaiascin Bergin
and Corsetti (2008), Bilbiie et al. (2007) and Bilbiie et al. 120. In addi-
tion to having endogenous entry | allow the death rate of fiori®e stochastic
as in Vilmi (2009). Among many others, Jacobson et al. (2@E3honstrate
that the exit margin is important in the business cycle. wike Elsby et al.
(2009) results support the hypothesis that both ins andasutsemployment
are important for understanding employment and unemployrdgnamics.
By analogy their findings support the use of the stochasticreargin in the
current paper.

The rest of the model is relatively standard. Householdswoe, sup-
ply labour for intermediate firms, and face a cash-in-adgasanstraint and
a standard budget constraint. Final sector firms producsuoption goods
from the intermediate sector inputs. Intermediate goodsfifate nominal
price rigidity and backward real wage rigidity. | allow foveorking capital
channel; this financial friction directly introduces thédrest rate in the New-
Keynesian Phillips curve and can therefore help to explailation. Firms
borrow resources from banks to pay for a share of productioheatry costs
in advance. In this way a change in the interest rate has atdimgpact on
inflation on top of the marginal costsThe model has five structural shocks:

1The financial friction originates from the seminal work ofrtiano et al. (1997) and
has more recently been employed by Ravenna and Walsh (2@6da@rabanal (2007). The
financial friction has been demonstrated to be crucial faleustanding entry; Uuskila (2008)
shows that it allows the effects of monetary policy shocka imodel to be matched qualita-
tively to the empirical evidence of net entry dynamics. See Bergin et al. (2014), Gross
and Verani (2013), Macnamara (2014) and Robb and RobingitP}jZor recent evidence of
financial frictions in firm turnover.



monetary policy, labour productivity and wage cost-pushcgls, a shock to
the sunk cost of starting a business, and a shock to the fiivalprobabil-
ity. I match the model with US data on consumption, hoursjrifiation rate,
the interest rate, and the number of new firms. | estimate énanpeters of
the model with the Bayesian full information approach and thgevariance
decomposition at the business cycle frequency and thedstecror variance
decomposition to discuss the main results.

My results give a critical role to firm dynamics in understiaggdthe infla-
tion rate. The shocks to the cost of firm creation explain ntbas half of
the variance in inflation at the business cycle frequencye rBEisult is driven
by matching firm turnover data in the model. When the model tsnesed
with wages instead of entry in the model, the importance tfyesost shocks
disappears, assigning more importance to price markup age wost-push
shocks. The benchmark results assign very little impogdad¢he wage cost-
push shocks in explaining inflation, standing in contraghwie findings of
Smets and Wouters (2007). At the same time technology shegiisin a
fifth of the inflation variance over the business cycle, whghn line with the
DSGE and VAR literaturé.Finally, monetary shocks and firm survival shocks
explain around six percent of the variance in inflation owerthusiness cycle.

In the estimated model an increasing number of firms due todotry
costs do not lead to an immediate drop in prices, though téeature usually
stresses that the causal link is from the increasing numbmas to lower
prices. The increase in the inflation rate along with theeasmg number of
firms happens because firm creation is labour intensive, arddsop in the
cost of entry leads to more firms being created and results in@ease in
the demand for labour, pushing up marginal costs and inflaths more firms
are created and the number of firms goes up, fewer new firmgeated, the
markup effect becomes stronger and inflation falls agairms iitechanism has
an important policy conclusion, which is that inflation magt slow down
when encouraging competition through entry, but insteéldtion is likely to
increase in the short term.

Although the firm turnover does not change the core of the insule-
stantially, some of the parameter posteriors differ froandard estimates.
The most remarkable is the very low estimate of the wageistsk parame-
ter. The result support the recent literature on the reakwixibility of new
hires. Pissarides (2009) in Tables Il and Il lists eightsts for the US and
four studies for European economies that find evidence &wage flexibil-
ity of new hires in existing companies; wages of the new eyg#s are not
sticky. Moreover, the sensitivity of wages to the econonitigagion is even

2See Smets and Wouters (2007) for the DSGE and Altig et al.1(2fot the VAR litera-
ture.



stronger in European countries. If wages are flexible for hews in ongo-
ing firms, it is even less likely that the wages in new firms wiloubt depend
on economic conditions. The price rigidity parameter isdothan in Ireland
(2001) and Lewis and Stevens (2015). The relation of prickvaage rigid-
ity is consistent with the classic paper by Bils (1987) findoogintercyclical
markups.

The paper contributes to three strands of literature. féirghe current pol-
icy debate on product market liberalisation the paper shbatsalthough an
increase in the number of firms may result in lower inflatianljqes promot-
ing firm creation that result in a higher number of firms mightriflationary in
the short run. Second it shows that the inclusion of firm tuengan be impor-
tant in the New-Keynesian Phillips curve and help to expiaflation. Third
the estimation results demonstrate that DSGE models with tiirnover in
many dimensions might need to be calibrated differentlynfroodels without
firm turnover. The draft of the paper was the first to estimiageentry model
with the Bayesian full information technique. Recently Lewisd Stevens
(2015) have also estimated a somewhat different New Keginesodel con-
centrating on the effects of variable price markup gendratecompetition.
Offick and Winkler (2014) estimate a real business cycle rhadd look at
the amplification effects of firm dynamics. Neither of thenmsioler stochas-
tic exit or financial frictions in the model.

The rest of the paper is organised as follows. The seconwseaatroduces
the model with firm turnover. The third section gives a shedrgiew of the
data and the estimation approach. The main results arenpeelse section
four, first presenting forecast error variance decompmsitesults; and section
five concludes.

2. The model

In this section | present a New Keynesian dynamic stochgseteral equi-
librium model with endogenous creation and exogenous w&sgin of firms.
The five types of agents in the economy are households, fiogalsyaroducers,
intermediate goods producers, commercial banks and amgoesit or central
bank.

Households maximise their utility from consumption andslee. Each
period they face a standard budget constraint and a caativenace constraint
for the goods that are cash goods. They deposit funds in bahlkesconsumer
side is very close to Uhlig (2009) and Smets and Wouters (2007

Firms operate in two sectors. In the final goods sector, fippgsate under



full competition and produce consumption goods aggregatiputs from the
intermediate firms. This is a slight modification from Bilbeg al. (2012)
who let the consumer consume individual goods from the nmégliate sector.
Moreover | take away the productivity effects that ariserfrearying the num-
ber of varieties in the CES aggregation in order to concentratthe inflation
dynamics of the model.

In the intermediate goods production sector firms operateelumonop-
olistic competition structure. The creation of firms is labantensive. The
number of firms in the intermediate goods sector is detemnethe free
entry condition, in line with the literature on firm dynamids addition inter-
mediate good firms are subject to stochastic death shocks\alsni (2009).

The economy has a financial sector. Banks take deposits fraiseholds
and receive monetary injections from the government. Ty lgans to the
intermediate firms who need to borrow a sharef their wage bill before
production from the banks. Finally, the monetary policyhawity decides the
monetary injections to commercial banks by targeting therast rate.

The next subsections introduce the model in detail staftomg the house-
hold problem, followed by final and intermediate goods firbenks, the cen-
tral bank and aggregation conditions. The section finish#stive definition
of the equilibrium.

2.1. Household problem

The representative household maximises discountednfigetitility from
consumptiorr; and they dislike time spent working:

00 _1 141
> 8 (e = xeemn) 7 An,
p 1-1 142

whereU, is lifetime utility, £, is the conditional expectations operatois the
discount factory is the consumption habit parameteris the intertemporal
elasticity of substitutiong is the Frisch elasticity of labour supplyl is a
scaling parameter ands the time index.

Ut:Et

, (1)

Households need cash at hakid ; to buy a fraction; of the consumption
good. The cash-in-advance constraintlis..; + nC; = H,_; whereH, s is
the residual cash holding, which in equilibrium equals zera H, , is cash
at hand in period. The equation is divided by price levg] to get the budget

constraint in real terms: )
—1
ht,res +nee = t_c7 (2)
U



wherec, = P s higes = H’f et hyy = Httl andr¢ is consumer inflation de-
fined specmcally later. AII Iower case letters denote rewl appercase letters
denote nominal variables unless clear from the contexiabedtotherwise.

Households face a sequence of budget constraints. Thalaleailinds in
periodt consist of the income from working, deposits, bonds, prdfiéssfers
and possible residual cash.

Hi+Di+q:Bi+(1—n)Cy = Wing+(1444) D1+ By 1+ Hy pes+Vi+ Gy, (3)

where D, is the deposit at banks; is the discount price for the government
bondsB;, 1 + i, is the gross interest rate on deposits made in the previous
period, G, are lump sum government transfers or taxés,is the wage rate
andV; are the profits received from the household’s ownershiptefimediate
goods firms. Resources are spent on non-cash consumptied, isalvonds,

or kept in cash or deposits.

In real terms, the equation is given by:

di1 b
hy +di + qibe + (1 —1n)c; = wyng + (1+@t)t—cl+t—cl+ht,res+vt+gt7 (4)

Ty U

whered, = %, by = Bt ow, = P togy = Gi andv, = .

The labour market is characterised by a sluggish adjustofertl wages:
wy = ((1 —w)w,_1 + wwa) et (5)

Wherewgr is the target market clearing wageé shows the bargaining power of
householdsy is the parameter for wage flexibility] < w) shows backward
wage indexation, and, ,, is a wage cost-push shock following & process
ande; , IS 1.1.d, uy, = puwti—105 + 1w ANAes = PUE1_1 0 + Etpe

The difference between the target and the actual wage intesda labour
wedge in the economy, and households supply labour at tle® giage rate.
Uhlig (2009) discusses the inefficiency introduced in matadl

Households choose consumption, bonds, cash at hand, tiejaosi work-
ing hours. The Lagrange multiplier on the cash-in-advamgatgon isg, and
multiplier on the budget constraint is. The respective first order conditions
are given by:
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L 41
i 141
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1
Nw! = Anj. (10)

Equation 7 is the Euler equation, equation 8 gives the cmmdfor cash at
hand, equation 9 describes the rule for deposits and firtadlpptimality con-
dition for the labour-leisure choice gives the market dhgawagew[ in equa-
tion 10. Equations 7 and 9 set equal the bond and deposiéstteates.

2.2. Final good firms

Final good firms aggregate intermediate goods and produeérwal good.
The profit maximisation function is standard with one natadskception. In
the constant elasticity of substitution (CES) the aggregatioes not go from
0 to 1 as in a standard model, but instead it goes from O to thebeu of
goods, which is the same as the number of fifs

Fy
Ptyt_/ pt,jyt,jdja (11)
0

wherey; is the final outputF; is the number of intermediate inputs indexed
by j with a pricep; ; and quantityy, ;. The production function is given by:

4 1+p
- ( / y;;“dj) | (12)
0

wherey = -L- andd is the elasticity of substitution between intermediate
goods.

After some algebra, the demand for the intermediate inguts i

P i
©
Y5 = (_t> Yt (13)

Ptj

_1 s
where the price index is given by, = ( OFt P dj) . The relative price is

given byp;, = %1 = FY".

10



In equilibrium all firms are the same, $p; = p;. Inflationm, = - is
Pt—
described in terms of intermediate goods prices, the aeevagrices firms
set. The consumer inflation index’ adjust for the number of firms and is

given by:Tg = % = %)H A rise in the number of firms leads to a drop
in consumer inflation relative to the intermediate goodsatith rate as the
perceived price level for consumer decreases with the asang number of
varieties. When. approaches zero, the elasticity of substitution appraache

infinity, and the variety effect on consumer inflation diseafs.

2.3. Intermediate goods firms

Intermediate sector firms produce goods for the final goodse The
market structure is monopolistic competition and the nunolbérms is deter-
mined by a free entry condition. Each firm produces only oreggas usually
assumed in the literatufe.

Intermediate firms use linear production technology in labo

Y = €'y, (14)

where the common productivity shogkis assumed to follow an AR process
Ve = PyYi-1 + €ty ANdey , = piTEr 1, + €4, Wheree, , is an i.i.d. shock.

Firms have to pay a shafeof the labour input cost in advance and borrow
the necessary funds from commercial banks. When changiogsattey face
a price adjustment costas in Rotemberg (1982). Nominal profits are given

2
by Vi; = (peje? — (1 + &) MCy)ny ; — 222 <’”—7 — 1) . and in real terms:

2\ pt-1,ym

2
Ut,j = (p%’tj — (1 + §it)mct> yt,j — % (ptpﬁ — 1) s (15)
—14,7

where the real profits per firm atg; = Vt - and real marginal cost isc; =
J‘@Cf The use of the Rotemberg price adjustment cost makes thd sioqger
because all firms set the same price and there is no need tdrike&mf the
distribution of prices generated by, for example, the Calvaimy scheme.

The intermediate firmy chooses labour, ; and pricep; ;. The cost min-
imisation problem gives the marginal cost net of interet payments:
Wy

mey = —. (16)

e

3Minniti and Turino (2013) present a model with multiple puatiproducing firms where
firms decide about entry in the first stage of the problem awdiaihe number of products in
the second stage.
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The net present valu& PV, of the firm today is defined as the discounted
profits of all future periods. The net present value is mesbat the time
when production has already taken place, but firms do not yeivkf they
will survive until the next period. In this way the net presealue is the
same for incumbents and new firms. In nominal terms the neeptevalue is

defined as:NPV,; = (1 — §)E, |:€ut+1’swnu>\;\_t1(‘/t+l,j + NP‘/H_L]‘)], and in
the real terms after dividing by the price level:

A
npuy; = (1 — §) Eyettttsure { j\H (Ver15 + npvt+17j)} ; a7)
¢

where theAil is the stochastic discount factor of the consunié&s the exoge-
nous death probablllty of the firm, and,,,, is the exogenous survival shock
of the firm. The shock process is given®ysu,v = Psurvti—1,surv + Et,surv @Nd
Et,surv = pg:trfugtfl,surv + €t,surv, Whereet,surv is i.i.d.

The survival probability is modelled as an exogenous ststah@rocess
(as in Vilmi (2009). A number of papers demonstrate that fatufes are not
time invariant (see Uuskuila (2008) and Jacobson et al. (20T3he shock
has several roles in the model. First, it allows the numbédirmis to change
from one period to another. Unlike entry it does not changeua demand or
marginal costs. Second, as the number of firms is lineargr@oinnected with
the relative price of goods, it enters the Phillips curve aots like a markup
shock. Third, it allows matching of the number of new firms e imodel
directly with the creation of new firms in the data. In the modbere the
exit rate is constant, the number of new firms also includesettit margin,
making it similar to the data definition of net entry. Measueat of exiting
firms in the data is complicated and as a result net entry mesisuclude a
lot of noise. When the exit rate is constant, exit decisiomsmeasured as
the exact opposite of entry costs, as low exit frees up labmuproduction.
When both entry and exit are high, net entry is unchanged anlaltlour input
needed to generate new firms is underestimated. Instead evitgnis high
and exit is low in the data, the net entry measure overestgriaput costs as
non-exit is included as de nuovo entry with entry costs.

The entry mechanism is standard in the literature. In ordenter, firms
have to pay a sunk entry cost in labour. The free entry candis given in
real terms:

w
npvgj = —gent eWt (14 Eiy)ettent, (18)

where¢“™ is the amount of labour hired for creating a firm in the steadies
and the entry cost shoak .,,, is described by ¢,y = penttii—1,ent + €t.ent @and
Etent = PoriEt—1.ent + Etent WhEree, .,y 1S 1.1.d. When in a standard model free
entry condition means also zero profits in expected termadar companies,

12



then0 < ¥ < 1 measures the share of the net present value spent on entry
costs from the net present value. When the parameter is l@s®tie, the net
present value is higher from the entry costs, leaving soragtgto the firms.
These profits are necessary and often assumed for the mastmpobmpe-
tition sticky price models, so that even when firms cannonhgeagrices and
profits fall they do not want to exit. The parameter also afldavcalibrate the
share of total labor devoted to creating new firms, which eotise largely
determined by markup.

The costs of firm creation in terms of legal costs and procesiare sizable
in the US and even higher many other countries (see BarsegimabiCe-
cio (2011) and Djankov et al. (2002) for estimates of theyentrsts). My
broad definition of entry costs also includes the time thaeisded coming up
with the idea for the new product or service, working out thisibess plan,
and making the plan work or as a general allocation of regsutg acquire
technology to produce a good or service.

New firms can only produce in the following period and a fractof firms
dies at the end of the period, so some of the new firms neveupeod he law
of motion of the firms is given by:

Fy = (1= 8)e"r(Fy + FEY), (19)

whereFE | is the number of new firms created. Wages and loan interest rat
for the firms that never produce are paid from the total proifore they are
distributed to households. There are no bankruptcy relzdsts.

Unlike Bergin and Lin (2012) and Lewis and Stevens (2015)eghemo
exogenous congestion externality related to entry. Howelke to the labour
intensity of entry, smoothing of entry takes place natyrak labour costs
are high in the high entry periods and a free entry cost lithiésnumber of
entrants.

The Rotemberg price adjustment cost gives the following &wdaooking
Phillips curve:

_ Py

pt7] Pt

wherep; ; = ’%J Is the relative price determined by the number of firms in the

economy, and the markupu, ; is given by the following equation:

= MUy ;MCy, (20)

— (I+p) 1
h po (L&)~
(5= 2 (1) Zoh Ly e (20 D |
B Y \T P Yt A m P4T
(21)
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As this is the key equation for understanding the resulthefgaper, |
present for intuition the log-linearised version, whiclised in the estimation:

A Y A
Ty = -~ <_,0t +

i i+ m) T B(1 = ), (22)

1+ ¢&i

where the variables without the time subscript denote steady-state levels,
the variables with hats denote a percentage change fronteheysstate with
the exception of inflation and the interest rate, where itaecpntage point
change from the steady state, and the firm level subsgigptropped as all
firms are identical.

According to the equatio@2 the inflation rate today depends on the ex-
pected inflation and marginal cost as in the standard Phidlipve. However,
the two new elements, the firm turnover and the working chpgaumption,
uncouple marginal cost (the productivity adjusted wage)ratbm the infla-
tion rate and make markups endogenous. Any shock thatsesh increase
in the number of firms pushes down markups and reduces consuftagion
directly. The working capital channel magnifies the effdanarginal cost on
inflation. Any shock that lowers marginal cost leads to loméation. By the
Taylor rule, lower inflation pushes down the interest ratakimg the effect of
the initial shock to inflation stronger.

2.4. Banks

Banks lend money to the intermediate goods sector firms, wia phare
of the wages in advance. The banks can use funds deposited hgtiseholds
d;_1 and money injections; of the central bank. The aggregate loan condition
Is given by:

dy—
t_cl + ¢y = Swing = Iy (23)
Uv

The banks operate only as intermediaries of funds from tidralebank
and households to firms. The loans are paid back within thegefhe firms
always pay back the debt; the loans to the new firms that nesdupe are paid
back from the aggregate profits before the remaining prafsistributed to
the households. The commercial banks lend all there resstiodirms, there
is no credit rationing.

14



2.5. Government sector

Central bank monetary policy is described by a Taylor rule:
. = . T
iy =1+ pii—1 + (1 — pi) [Cﬂ <%t - 1) + Gy (% - 1) + em-] , (24)

whereg, ; is an idiosyncratic shock to the interest rate. The intawstreacts
more than one-to-one to the changes in inflation and potntitachanges in
the output.

The policy interest rate is controlled through monetaryrapens. To de-
termine the interest rate the central bank injects moneymongercial banks
who use the resources to give out loans:

mi—1

my = 7TC + th (25)

t

wherem;, is the aggregate money anddetermines what share of the money
is taken out from the economy by the central bank at the enldegpériod.

The government uses lump-sum transfers or tgxés balance the budget
every period:

by . .
qiby = % — gt + (Vi) Vge = (v + ). (26)
t

The government budget constraint, and the central banl€of@iving out
loans to the commercial banks closely follow the paper byid)a009).

2.6. Aggregation and market clearing

Money in this model is the sum of households’ cash at hand epdsits:

my = dt + ht. (27)

The hours worked by the household are divided between ngeaéw firms
and producing output:

fent e““mt

ny = Ftnthj + thE (28)

et

Aggregate profits, include the individual profits of the firm minus the cost
of starting new businesses:

Ut,ent

vy = Fyvg; — FtEwtfem(l + &iy)

(29)

ev
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In the total consumption, | take out the effect of the numMldefirms on
consumption in order to keep the productivity of the econandependent
from the number of firms:

¢ = 0y, (30)

where. = 1, so in this respect the model departs from the standard-Dixit
Stiglitz aggregator. This helps to focus on the transmissicsshocks through
the Phillips curve. When productivity is measured as outpetr diours, an
increasing number of firms generates an extra source of ptigdy shocks
without this transformation.

2.7. Equilibrium

The system is described by 34 variables. Among them ther2%seadoge-
nous Va“ableSbt1 gty Ct, nt,j! N, Ut,j! Ut, yt,j! Yt, TCy, dta ht1 my, lt1 wh ?:t1 qt,
Wt, 'I,Ugl, Tty 7th, NP‘/;, Ft1 FtE, Pt,j1 Pt’ Pts Ot and)\t

There are five exogenous i.i.d. shocks:, €, ., €.ents €4y €tsurv- ThErE
is an additionalA R structure for the shock processes of technolpgyabour
costu,,, and entry costy ., shocks. The equilibrium is symmetric, in that
consumers maximise utility, firms and banks maximise prditsl all markets
clear with the exception of the labour market.

3. Data, Estimation and Priors

| estimate the benchmark model using quarterly US data frsimple
period 1983Q1-1998Q3. The sample period reflects a compeoh@tween
availability of data and institutional features of the US®amy. There was a
major change in the bankruptcy law in 1983 which had an impac¢he entry
rate. In 1998 Dun and Bradstreet Inc. stopped collecting fiimdver data.
For robustness the model is also estimated using varioustdimover data
from various time periods.

| use the following five series for the US economy:

» consumption — log of real non-durable consumption dividgd6 years
and older civilian population, demeaned and detrended,

* hours —log of non-agricultural sector hours worked, daddby 16 years
and older civilian population, demeaned and detrended,
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* inflation measure, which is the consumer price index (CR&tion rate,
demeaned,

e the Federal Funds Rate, demeaned,

* the number of new firms, log of firm creation, demeaned anctddéed.

The data are presented in Figure 1. There is a strong positivelation
between hours, consumption and the creation of firms. Thatiofl rate and
the short-term interest rate also move strongly togethett@contemporane-
ous correlation between hours and inflation is close to zarthe full sample.
Consumption and hours have similar variances, whereas ti@nua of firm
creation strongly exceeds that of hours.

Consumption Labor

N
N

o
o

1985 1990 1995 1985 1990 1995

Inflation New firms

-
[$2]

o

1985 1990 1995 1985 1990 1995

Interest rate

o

N

o

AV

1985 1990 1995

Figure 1: Data used in the estimation

The number of new firms is the right variable to be used to métemum-
ber of new firms in my model. This would not be true in a model rehe
exit rate is constant because then the entry margin woutdimttude the exit
margin and the similar variable in the data would be net eftdryfortunately
net entry measures include a lot of noise because it is diffcpin down the
precise timing of the closure of firms. Furthermore, in thaeiavith the fixed
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exit rate the cost of closing a firm is exactly the same as tlsé afoopening
a firm, but has a negative value. For a more detailed disaussie Uuskula
(2008).

The set of variables to be matched is kept minimal to cona&ntn the
result on inflation. Compared to Lewis and Stevens (2015) laddaise output,
investments and wages in the estimation. The paper alsstraot capital and
the measurement of entry cost does not necessarily fit tleedddinition of
investments. For the same reason the use of GDP might not branted.
The model fit with the consumption series is less problenatat therefore |
include consumption as an observable variable to captaredte-off between
consumption and leisure. The use of average wages as a méaisorarginal
costs in a standard model without firm dynamics is not neciigssarranted,
but the problems are worse in a model with firm dynamics.

Some of the parameters are known to be difficult to estimaie.problem
is aggravated because of the short sample. Therefore ra@ibome param-
eters using results from previous studies to concentratestimation of the
model on the main parameters of interest relating to firmawen and price
and wage rigidities.

The calibrated parameters are presented in Table 1. Mdsé@arameters
do not affect the dynamics of the model very strongly or araightforward
to calibrate from the steady state values. The discount/ate .99 is set
to match thet% annual real interest rate. The exogenous rate of firm death
is set too = 0.025 in order to match tha0.7% annual firm closing rate in
the US. The number of firms in the steady state is set to 1 anldé $ar the
steady state entry cost. Steady state quarterly inflatiarDi& to match the
2% annual inflation rate. People work one third of their time- ; and | solve
for the value ofA that satisfies this condition. The share of cash goods and the
share of government money left in the economy at the end opé¢hned are
not determined by the observables and are both set eqyakto = 0.5, and
the wage markup is set equallto’ (thatisYT = 1.1).

There are a few critical parameters that play an importdatindhe model
and are difficult to measure directly. Steady state markgeti€qual t36%
(n = .36), close to Bilbiie et al. (2007) value &5.71%. | calibrateV the
share of entry costs in the net present value fofirms spend half of their net
present value on entry costs. The number of firms, the markdgre share
of entry costst determine the entry cost to satisfy the free entry condition
The share of hours spent on creating new firmgi&%. When thePhi = 1,
the model implies tha20.4% of the total hours would be spent on creating
new firms. The Frisch elasticity of labour supply= 1, both often used in
the DSGE literature. In addition | calibrate the parameterghe consump-
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Table 1: Calibrated parameters

Name Value Notes
B 0.99 Discount factor, yearly interest rate of 4%
s 1.005 Steady state inflation, yearly 2%
0 0.025 Share of firms closed each period, 10% per year
N 1 Number of firms, normalization
A Matchingn = %
0.5 Entry cost share in the net present value

gent Implied by the model, given N=1

1 0.36 Mark-up

X 0.7 Consumption habit

K 1 Frisch elast. of labor supply

T 1.1 Wage markup

v 0.5 Share of money left in the economy
n 0.5 Share of cash on hand goods

tion habity = .7. Robustness analysis is carried out for important calildrate
parameters in the estimation.

| use the Bayesian full information approach to estimate tbheehusing
the Metropolis-Hastings sampler as described in Canovab)2®l calcula-
tions are done in Matlab, the model is log-linearised arahedon-stochastic
steady state and solved with the method of the undetermmefficdent of Uh-
lig (1999). The priors of the parameters are selected tcesgmt theoretical
restrictions and have very low information content (seddal. The autore-
gressive parameters are set to be betweamnd 1 with a mean of0.5 and
variance o0f0.29%2. For the intertemporal elasticity of substitution and pric
stickiness | assume normal distributions. For the intep@ral elasticity of
substitution | use a mean of 1 and relatively tight variaricé b Prior for the
Rotemberg price adjustment cost has a meahtafnd a variance of4. The
prior value for the price stickiness is taken from Irelan@(2) and adjusted
for the calibrated markup value and units of account in theepadjustment
cost.

| take 1000000 draws in two chains. The initial values aresehdased on
initial posterior maximisation and the 1a&1% of the draws are used in calcu-
lating the moments of the data to allow for a burn-in periotie Tonfidence
intervals for the impulse responses and variance decotigpasare based on
500 independent non-parametric draws from the posterior.
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Table 2: Prior distribution of the estimated parameters

Parameter Distribution Mean Variance Notes

10) normal 14 14 Price stickiness

o normal 1 0.1 Intertemporal elast. of subst.
13 beta 0.5 0.029? Share of wages paid in advance
w beta 0.5 0.029° Weight on target wage

Ca beta 0.5 0.029% Taylor weight on marginal cost
Gr—1 beta 0.5 0.029> Taylor weight on inflation

Piu beta 0.5 0.029° AR of monetary shock

il beta 0.5 0.029% Interest rate smoothing

Puw beta 0.5 0.0292 AR of labor supply shock

par beta 0.5 0.029°2 AR of labor supply shock term
Pent beta 0.5 0.0292 AR of entry cost shock

J beta 0.5 0.029° AR of entry cost shock term
P beta 0.5 0.0292 AR of technology shock

Pra beta 0.5 0.029° AR of technology shock term
Psurv beta 0.5 0.0292 AR of survival shock

of inv. gamma 0.1 oo Std.dev. of mon.pol shock
Oent inv. gamma 0.1 oo Std.dev. of entry cost shock

O surv inv. gamma 0.1 oo Std.dev. of survival shock

Ow inv. gamma 0.1 oo Std.dev. of labor supply shock
oy inv. gamma 0.1 oo Std.dev. of tech shock
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4. Results

In this section | first present the main result for the roletef entry cost
shock in explaining inflation together with alternative retslwithout entry
shocks and data to understand how the results differ froraraedatd model.
Subsequently | discuss parameter estimates of the moaellly=i review the
role of other shocks and show that the results are robustiougachanges in
the model.

4.1. Inflation and the role of entry cost shocks

In order to answer the question of what explains the dynaofio#lation,
I look at variance decompositions and impulse responsditurscof the struc-
tural shock® The results of the variance decomposition at the business cy
frequency are presented in Table 3.

The first column (model (1)) of Table 3 presents benchmankiiefor the
importance of the estimated five shocks in explaining thedata series that
are matched in the estimation at the business cycle freguénshows that
the shock to the cost of entry explains 55% of the variancefiation at the
business cycle frequency.

The results of high importance of entry shocks stands inraehtvith the
previous decomposition of inflation dynamics. To underdtaetter the driv-
ing force, model (2) of Table 3 shows the estimation resutsaf standard
DSGE without firm turnover data and without entry cost andisal shocks.
Instead a reduced form markup shock is added to the New KymBsillips
curve, the endogenous entry mechanism remains. The raselt®ow similar
to the standard estimation results where markup and wadepush shocks
explain most of the variance of inflation at the businessecfrelquency. So it
is not the entry mechanism itself that changes the resultgitferent shocks
and data matter for the results.

Model (3) presents the results for a model where real wage idaised
instead of entry data in the estimation. Model (4) presdmsodel without
the entry cost shock and no entry data used in estimatioerdiftly from the
main results. Both models, (3) and (4), assign the volatilftinflation to the
technology shock.

4The variance decomposition at the business cycle frequisrmgsed on the counterfac-
tual data generated by including one shock at a time. | useltideick-Prescott filter with the
smoothing parameter = 1600 to remove long run trends, and calculate variances and the
share of each variance from the sum of the individual vagart the data that the five shocks
produce.
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Table 3: In-sample variance decompositions

Benchmark No entry, exit shocks Wage data

No entry shock

Model 1 Model 2 Model 3 Model 4
Entry
Consumption 12.49 0.92
Hours 47.88 8.97
Inflation 54.96 5.02
Entry 46.06 1.18
Interest rate 43.98 21.95
Survival*
Consumption 55.76 59.26 80.41 59.47
Hours 3.27 39.53 12.85 1.16
Inflation 3.24 22.32 2.37 0.18
Entry 23.12 20.64 0.00
Interest rate 2.83 24.75 1.54 0.08
Wage cost
Consumption 11.91 13.32 1.91 24.14
Hours 46.92 3.49 24.98 94.00
Inflation 16.88 35.91 19.78 0.76
Entry 12.76 4.02 0.00
Interest rate 13.04 31.54 1.92 0.62
Technology
Consumption 19.57 20.11 16.70 12.07
Hours 1.74 19.29 53.15 3.99
Inflation 19.27 36.59 72.41 95.27
Entry 18.02 73.74 0.00
Interest rate 14.42 27.72 53.54 70.43
Monetary
Consumption 0.27 7.31 0.07 4.32
Hours 0.19 37.69 0.05 0.85
Inflation 5.65 5.19 0.42 3.80
Entry 0.04 0.42 0.00
Interest rate 25.72 15.99 21.05 28.86

Note: Model (2): no entry cost shock and no firm turnover datan, survival shock is
replaced by reduced form markup shock. Model (3) real waged instead of firm turnover
in estimation. Model (4): no entry shock is estimated withenéry cost shock and no firm
turnover data. * For model (2) results for reduced form mpr&hock are presented.
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The importance of the entry costs shock in explaining irdtats also con-
firmed by the forecast error variance decomposition aralfgge Figure 2).
Variations in the cost of entry explain more than half of tlagiance in in-
flation during the first five years after a shock. | present tiredast error
variance decomposition (FEVD) results and the impulseaesp functions
for the period of 20 quarters after the shock together wigha®% confidence
intervals. The line in the middle is calculated at the mesliainthe parameter
estimates.
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Figure 2: Forecast error variance decomposition, entriysiusck

A drop in the entry cost brings a hump-shaped increase inrémtion of
firms and inflation. The effect of entry cost shock on inflatweorks through
labor market, as it is a good time to invest in the creationest firms, demand
for labour increases (see Figure 3). In order to hire morglgedirms pay
higher wages to workers. The increase in production coststssn immediate
inflation due to forward looking Phillips curve. As the numbéfirms is only
going up gradually, it takes time before the increase in tleatoon of new
firms results in a higher number of firms in the economy. So mqadeclines
with a relatively long lag. But as the number of firms stays upag@eriod
of time, the markups are low even when the hours worked andréaion of
firms have returned to their initial levels.
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Figure 3: Impulse response functions, entry cost shock

In reaction to the shock, households initially cut consuarpto create
more new firms. As the number of firms goes up due to increaseyl eon-
sumption returns to its initial level after two years. Howe\the substitution
channel moderates the reaction of hours and wages, but dbasdo the
effect. Aggregate output increases with the hours worked.

4.2. Parameter estimates

In order to understand the variance decomposition reghitssubsection
examines the parameter estimates of the model. The pastefithe model
parameters are presented in Table 4.

The results differ from the estimates of Smets and Wouted®{p and
Uhlig (2009) and are indicative of what can drive firm dynasni€irst, the pa-
rameter estimate for the wage flexibility is 0.98 very clasene, leaving very
little importance for wage stickiness. This stands in sl@mptrast with the
high wage stickiness estimates of Smets and Wouters (2Qifg (2009),
and Lewis and Stevens (2015). The evidence instead is tensisith the
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evidence that wages of new hires are not sticky. PissarR#39] cites sev-
eral studies which demonstrate that wages of new hires gtiegicompanies
depend on market conditions. If wages of new hires are flexiblongoing
companies, it is even more likely that wages are flexible v fiems. Fur-
thermore, search and matching models have recently imdi¢hat as long as
wages are flexible at the time a contract is signed, the watlegbaexisting
matches does not matter for the employment decision of fiktagfke et al.
(2013)). Wage stickiness is not important either when tkellef effort is
not measured and changes over the cycle (Bils et al. (2014lykk (2012)
proposes a concept of “the user cost of labour” like “the wset of capi-
tal” and shows that wages are not a good match for labour.costs result
also confirms the hypothesis that using the average wage iestimation as
a measure of marginal costs is not necessarily warranteerage wages are
known to move sluggishly. Slow movement, however, does aptasything
about marginal costs and the wages new firms need to pay.

Table 4: Posterior distribution of the estimated paranseter

Prior Posterior moments
Parameter Mean Mean Median 5% 95%
) 14 9.09 8.95 291 15,53
o 1 0.67 0.68 0.60 0.73
£ 0.5 0.00 0.00 0.00 0.01
w 0.5 0.98 0.98 0.93 1.00
Ca 0.5 0.00 0.00 0.00 0.00
Cr—1 0.5 0.06 0.05 0.02 0.13
DilL 0.5 0.73 0.74 0.65 0.79
Pw 0.5 0.96 0.97 0.89 1.00
P 0.5 0.25 0.23 0.12 0.42
Pent 0.5 0.80 0.88 0.46 0.97
por, 0.5 0.61 0.58 0.29 0.92
Py 0.5 0.98 099 0.93 1.00
Py 0.5 0.14 0.15 0.04 0.24
Psurv 0.5 0.09 0.09 0.02 0.17
oi 0.5 0.84 0.84 0.71 1.00
Oent 0.1 0.99 095 0.63 1.46
O surv 0.1 1.68 1.67 138 2.02
Ow 0.1 1.07 1.03 0.74 1.53
oy 0.1 0.62 0.62 053 0.72
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Second, the price and wage stickiness parameters are lbaremith the
previous estimates. The parameter estimate for the Rotgnpoiee adjust-
ment cost is9. The posterior is lower from the prior value®. The price
stickiness parameter value cannot be directly translatéuet Calvo probabil-
ity of re-setting prices since the Phillips curve contaims financial friction
and the relative price.

Third, the results show no importance of the financial foictin the model.
The parameter estimate for the financial friction, the sludreages paid in
advance, is essentially The results support the findings of Rabanal (2007)
who finds that only a small share.(5) of costs are borrowed from the banks.
Likewise Uhlig (2009) calibrates the parameter to a low gadt0.1.

Fourth, broadly in line with the DSGE literature the Taylagight on infla-
tion is aroundl.05 and the weight on output is zero, implying that the central
bank is only targeting inflation. The interest rate smoaitparameter i9.74
implying standard sluggishness in the interest rate intiegto inflation.

The intertemporal elasticity of substitution is clos@1o, not far from pre-
vious estimates. The autoregressive parameters are ndd#thent from one,
with two exceptions. The autoregressive parameters of #yewost push and
technology shock processes have an upper bound very close toeflecting
the high persistence of the hours data and difficulties imtiieng the AR
process of the shock. Thus in the estimated model the wagegeasistent
shock because of the persistent wage cost push shocks. Vegesmme-
diately to all other shocks. The entry cost shock procesksasdescribed by
a relatively presistent shock term. This might indicate equositive exter-
nalities in creating firms which are not explicitly modelle@ihe technology
shock is approximately described by a simple AR processounttadditional
autocorrelation in the i.i.d. Shocks and the survival shzeck only some auto-
correlation.

4.3. Other shocks

The firm survival shock explains around 3% of the variancen@iiion
at the business cycle frequency and 4% from the FEVDs duhaditst two
years after the shock (see Figure 4).

A drop in the stochastic death rate increases the numbenaf éind lowers
inflation. A 1% higher survival of firms brings inflation dowg B.02pp. at the
time of the impact. There are two channels which lead to a drapflation.
First, a higher number of firms cuts markup and lowers inftati®econd, an

5The transformed value to make the price adjustment cost atabfe with the paper by
Ireland (2001) as discussed in the section on priors.
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Figure 4: Forecast error variance decomposition, firm sahahock

increase in the number of firms lowers creation of new firmssardequently
reduces labour demand and wages.

The entry cost shock explains around 46% of variance in extttiye busi-
ness cycle variance. However the shock generates too muene@in entry,
which is captured by survival shocks. In sample data of fireaton gener-
ated by the shocks to the cost of entry and survival are neatiorrelated.
When the two shocks are included at the same time in the in savaplnce
decomposition, the share of entry explained by the two shixless than the
sum of the two shocks explain separately, but the share atiorfl explained
remains qualitatively unchanged.

The effect of the number of firms on inflation can be compareatiedind-
ing of Cecioni (2010). She looks at the effect of a change innimaber of
firms on the inflation rate and concludes that the number offisnan impor-
tant factor determining inflation. According to her resw#t40% increase in
the number of firms brings inflation down by 1.4 pp. in the mediun. My
results show that when the creation of firms is costly, it ipaniant to sepa-
rate how the increase in the number of firms is achieved. If aflaew firms
are created, the increase in the number of firms can even b&onfiry in the
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short run because of the increase in the costs of production.

Variation in the exogenous technology is the second mosbiitapt shock
in explaining inflation. The technology shock explains a®9% of the vari-
ance in inflation at the business cycle frequency. In the FE¥Rplains about
20% of the volatility in inflation in the short run, with the pact increasing in
time due to the persistence of the shock. The share of thaaémyy shock in
explaining inflation is higher than the estimates of Smets\&outers (2007),
who find that productivity can explain around 5% of the vace&aim inflation
at all horizons. The estimated importance of the technoklgyck is much
closer to the estimate of Altig et al. (2011) VAR evidence.eiflestimated
technology shocks explain around 16% of the variance at tiseness cycle
frequency.

The wage cost-push shock has also important effect on rilatin the
FEVD analysis, the median effect starts at 10% at short bosand reaches
40% five years after the shock (see Figure 5) and stands at tlff#6 lausiness
cycle frequency. This is much less from the Smets and Wo(2&37) paper
where wage markup shocks explain about 50% of the inflatioianee 2.5
years after the shock. Like those of Smets and Wouters (200y yesults
show that a higher share of variance in inflation is explaimgthe cost-push
shock at lower frequencies.

The monetary shock has some effects on inflation in the veoyt shn.
Inflation drops after a contractionary monetary shock amdréal effects of
monetary policy are small. The model even predicts a smailease in con-
sumption and hours, similar to the findings of the agnos&nitication ap-
proach results of Uhlig (2005). The number of new firms sligbdecreases
after an interest rate hike, but then increases after Igati@ number of firms
in the economy basically unchanged.

4.4. Robustness analysis

This section shows that the estimation results are stalilérst covers
changes in the calibrated parameters, but also discussdtsreith different
firm turnover data used in the estimation.

All additional models predict an increase in inflation afedrop in entry
costs. The in-sample and forecast variance error decotigpusconfirm the
importance of the entry cost shock in explaining inflation.

One of the important parameters is the markup in the intelaedoods
sector. Cecioni (2010) calibrates the value at ardifg a much lower value
than in this paper. When 1 fix the price markup at 10%, technologl wage
cost-push shocks are less important and the stochastiofratevival is more
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Figure 5: Forecast error variance decomposition, wagepastt shock

important (see the first column in Table 5). When markup is 50&arésults
are very similar to the benchmark results (presented ingbersl column).

A drop in the value of the Frisch elasticity of the labour sydp a level
consistent with the microeconometric evidengg) increases the importance
of the entry shock on inflation further, and reduces the rofegage cost-push
and technology shocks (model 3). The importance of the stwthe cost of
firm creation is robust to various changes in the entry dadatlaatime period
used. As a robustness exercise | re-estimate the model dthdt business
creation index as a measure for new firms instead of the nuaflv@w firms.
The estimation sample reduces further, and finishes in 18956Q the results
remain broadly unchanged (see model 4). Also when the medsdtimated
on the early sample from 1959Q1 to the end of 1982 (model 5hdhe full
sample from 1959Q1 to 1998Q3 (model 6) the importance of they e€ost
shock in explaining stays relatively similar. The postelikelihood and vari-
ance decomposition results are not sensitive to the chandle parameters
for the share of cash goods, money left in the economy, anc waaykup,
implying that they are not identified.
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Table 5: Robustness analysis of the in-sample variance dezsitions

markup 10% markup 50% Frisch 0.2 NBF 59Q1-82Q4 59Q1-98Q3
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Entry
Consumption 2.24 12.42 17.86 6.93 12.40 13.45
Hours 26.71 37.15 4.34 54.16 57.36 60.31
Inflation 71.29 57.59 86.75 84.25 53.12 51.87
Entry 47.30 41.72 21.85 57.83 60.00 60.05
Interest rate 68.35 41.57 58.18 79.38 32.74 32.71
Survival
Consumption 24.23 58.92 19.06 90.06 73.97 70.95
Hours 8.19 1.39 0.08 30.55 6.70 6.82
Inflation 15.74 1.66 1.00 1.42 5.18 4.51
Entry 34.63 18.86 5.74 40.59 28.78 29.55
Interest rate 14.25 1.40 0.51 5.10 3.33 2.92
Wage cost
Consumption 57.99 12.08 53.42 1.25 8.24 8.91
Hours 44.24 59.76 93.33 2.80 34.58 31.48
Inflation 458 18.18 1.60 6.52 26.96 27.32
Entry 12.53 22.71 20.37 1.17 9.10 7.40
Interest rate 4.20 13.72 1.11 1.31 14.11 15.60
Technology
Consumption 13.08 16.28 8.98 0.86 4.15 5.69
Hours 20.55 1.57 2.22 12.40 0.62 0.50
Inflation 6.76 16.49 5.21 4.62 2.71 2.94
Entry 5.10 16.67 51.84 0.40 2.02 2.79
Interest rate 6.09 12.00 3.81 1.63 1.08 1.24
Monetary
Consumption 2.46 0.30 0.69 0.89 1.25 1.01
Hours 0.31 0.13 0.03 0.10 0.74 0.89
Inflation 1.63 6.07 5.44 3.19 12.03 13.35
Entry 0.44 0.05 0.19 0.00 0.09 0.21
Interest rate 7.12 31.31 36.39 12.58 48.73 47.53
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5. Conclusions

In this paper | augment a medium scale DSGE model with firmawen
and financial friction, and estimate it for the US economy. Mgults show
that the shock to the cost of entry is important in explairting variance of
inflation over the business cycle. When creating firms is labotensive,
then a drop in the cost of entry leads to an increase in theufatbtemand as
many new firms are created. The increase in labour demanlisrestigher
marginal costs and inflation. As the number of firms increaseskup goes
down and inflation starts to diminish.
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