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1 Introduction

How do productivity shocks affect inflation, economic slack, and the conduct of monetary pol-
icy? In the standard New Keynesian framework, transitory productivity shocks are not “true”
supply shocks: Although adverse productivity shocks induce higher inflation, they also generate
over-production in the sense of a positive output gap relative to the “flexible-price” model counter-
part without nominal rigidities. Thus, those adverse productivity shocks call for a contractionary
monetary policy response. In order to explain stagflationary episodes, the New Keynesian litera-
ture typically introduces cost-push or markup shocks, which shift marginal costs independently
of productivity. These shocks are ad hoc, in the sense that they lack microfoundations. And while
useful for matching inflation and output dynamics, they generate counterfactual implications for
profits, entry, and firm dynamics.

This paper offers an alternative mechanism. We show that once we allow for firm entry, produc-
tivity shocks on their own (without invoking any additional markup shocks) take back their role
as “true” supply shocks: adverse shocks are stagflationary; and call for an expansionary monetary
policy response. Endogenous entry introduces a key new channel: an entry multiplier that ampli-
fies the response of entry to productivity shocks under nominal rigidities. This entry response
generates first-order effects for aggregate demand, inflation, and welfare.

The adverse productivity shock that we consider first is a classic negative total factor produc-
tivity (TFP) shock: a downward shift in the production function, such as the one associated with
severe restrictions on the availability of inputs. This can be regarded as a metaphor for the after-
math of the COVID recession, supply chain and wartime disruptions, the Ukraine war.!We first
isolate the entry multiplier in its most distilled form. To this end, we derive a model with endoge-
nous entry but flexible wages, and show that TFP shocks amplify the response of firm entry under
sticky prices — relative to flexible prices. Nominal rigidities induce changes in profits that trigger
entry dynamics, setting off a feedback loop to aggregate productivity — which is endogenous due
to the impact of input product variety on TFP. The intuition for a negative shock is as follows: Firms
wish to increase their price to reflect their increased marginal cost. With sticky prices they cannot,
so they are “stuck” with their suboptimal price. This induces further losses and triggers further
exit, engendering an additional (endogenous) aggregate productivity decrease that amplifies the

initial impulse.?

The recent COVID-19 crisis highlighted the importance of the extensive margin: a very sharp response in entry and
exit of businesses and product varieties; an older working paper version of this paper reviews empirical evidence for
these entry dynamics in the COVID crisis.

*This mechanism captures an intuition that is more general than the inability to reset prices. It applies more gener-



Yet in this simplest modeling form, output coincides with its flexible-price counterpart to first
order: despite large movements in entry, there is no output gap. This “envelope” or neutrality
result—which we derive analytically—provides a clean benchmark: nominal rigidities magnify en-
try responses yet leave allocative efficiency unaffected absent wage stickiness. Introducing sticky
wages fundamentally changes this conclusion. We show that adverse TFP shocks then generate a
negative output gap; that is, a recession relative to the flexible-price-and-wage allocation. Lower
productivity reduces profits and expected profitability. Firms cannot adjust their prices, ampli-
tying losses and exit leading to a persistent contraction in the mass of producers. Sticky wages
prevent hours from adjusting efficiently, so actual output falls by more than potential. In this en-
vironment, TFP shocks behave as true supply shocks: they are inflationary and simultaneously
create slack.

This mechanism overturns a counterfactual— yet central—prediction of the standard New Key-
nesian model. There, negative TFP shocks raise inflation but imply a positive output gap, obser-
vationally indistinguishable from demand expansions. In our framework, the comovement is re-
versed. Inflation and the output gap move in opposite directions, i.e. there is more slack as in
stagflationary episodes, but without relying on exogenous markup shocks. Instead, entry and exit
act as an endogenous cost-push wedge in the Phillips curve, which we characterize analytically.
Importantly, unlike standard cost-push shocks, TFP shocks in our model generate procyclical prof-
its and entry, consistent with the data.

Our next main result concerns monetary policy. When wages are sufficiently sticky (relative
to prices), a monetary expansion raises profits, stimulates entry, and closes the negative output
gap induced by the adverse TFP shocks. In this region, monetary policy can fully restore effi-
cient output and improve welfare. This stands in sharp contrast to the standard New Keynesian
prescription, where contractionary policy is required in response to either adverse TFP shocks or
stagflationary markup shocks. In our framework with endogenous entry, expansionary policy is
appropriate precisely because productivity disturbances reduce demand through endogenous ca-
pacity destruction. We characterize analytically the degree of wage stickiness required for entry to
respond positively to monetary expansions. When this condition holds, monetary policy operates
through the extensive margin: higher demand raises profitability, induces entry, and expands pro-
ductive capacity. This channel is absent in representative-firm models and reverses the standard

prediction that supply-driven inflation necessarily calls for tightening.

ally to profitability shocks induced by nominal rigidities. Thus, this is a reduced form for frictions that impinge upon
intensive-margin adjustments, with negative consequences for profitability.



Finally, we show that introducing firm heterogeneity and endogenous selection affects magni-
tudes but not mechanisms. The model retains a very similar mathematical structure to the standard
New Keynesian framework. The main difference is that entry and selection appear as wedges in the
Phillips curve and resource constraints. This structure allows us to derive closed-form solutions
for the entry multiplier, the output gap, and welfare effects; while preserving the familiar logic of
New Keynesian policy analysis.

Taken together, our results reframe the role of productivity shocks in monetary economies.
Endogenous entry transforms TFP shocks into genuine supply disturbances—inflationary, con-
tractionary, and welfare-relevant—eliminating the need for ad hoc markup shocks and restoring

coherence between inflation dynamics, slack, profits, and policy prescriptions.

Related literature

A large and growing literature emphasizes the role of endogenous entry and variety with flexible
prices for business cycles, studying macro fluctuations and normative properties i.a. Devereux,
Head, and Lapham (1996), Jaimovich (2007), Jaimovich and Floetotto (2008), Colciago and Etro
(2010), and Bilbiie et al (2012, 2019). Important recent extensions study the role of firm hetero-
geneity and selection, see i.a. Clementi and Palazzo (2015), Lee and Mukoyama (2018), Hamano
and Zanetti (2017), and Edmond, Midrigan, and Xu (2020). Our framework is also related to
Ghironi and Melitz (2005), who study endogenous entry and heterogeneity in productivity in an
open-economy setting with flexible prices.®> Clementi and Pallazzo (2016) study the amplifying
role of endogenous entry and exit in a model with heterogeneous firms in the Hopenhayn (1992)
tradition (with perfect competition and decreasing returns), and with flexible prices.

Several papers have analyzed these models with nominal rigidities, focusing on the effects and
design of monetary policy, i.a. Bilbiie et al (2007, 2014); Bergin and Corsetti (2008); Lewis and
Poilly (2014); Bilbiie (2021), and Gutierrez et al (2021). More recently, several subsequent contri-
butions extended this framework to study the interaction of nominal rigidities, endogenous entry,
and selection with firm heterogeneity: see Cooke and Damianovic (2021), Colciago and Silvestrini
(2022), and Hamano and Zanetti (2022); The last paper uses a sticky-wage model to study the in-
teraction of reallocation (cleansing of unproductive firms) and variety-reducing contractionary

monetary policy, leading to lower aggregate productivity. * We draw on these contributions but

3Other recent developments include Cacciatore and Fiori (2016), Dixon and Savagar (2020), and Michelacci, Paciello,
and Pozzi (2019) on unemloyment, endogenous productivity, and demand, respectively. Other earlier pioneering con-
tributions on RBC-like models with entry include Campbell (1998), Chatterjee and Cooper (2014), and Cook (2001).

“The “entry multiplier” is present and operates in most such models entry and sticky prices, but it has not been



introduce heterogeneity in quality, which allows us to model price stickiness in a tractable way. But
we also show that our model is isomorphic to one with heterogeneity in productivity, so long as
ensuing TFP shocks are aggregate and idiosyncratic to firms. We then describe how selection and
nominal rigidities both shape the dynamic macroeconomic responses to TFP shocks. And we show
that those forces (selection and nominal rigidities) interact with one-another only to the extent that
the distribution of firm size deviates from the Pareto shape benchmark (we do not explicitly model
those deviations).

The standard NK model’s failure to produce demand-induced recessions in response to neg-
ative supply shocks is the starting point of another recent paper by Guerrieri et al (2020).° The
authors analyze the impact of the exogenous elimination (exit) of a sector in a 2-sector model.
When the goods produced by the two sectors are complements and the intertemporal elasticity
of substitution is elastic, this supply disruption induces a demand-induced recession, which the
authors call “Keynesian supply shocks”. In contrast, we model economy-wide supply disruptions
when product-level entry is endogenous and those goods are substitutes (for our mechanism, the
intertemporal elasticity of substitution needs to be lower than the elasticity of substitution between
goods). Thus, our focus is on a different channel that is complementary to the sector-level dis-
ruptions examined by Guerrieri et al (2020). Importantly, our mechanism generates a negative co-
movement of inflation and the output gap, whereas in Guerrieri et al “Keynesian” supply shocks
are recessionary but also deflationary. (and thus have the flavor of adverse demand shocks). Our
mechanism makes adverse TFP shocks stagflationary, and thus literally supply shocks.®

A large empirical literature—especially based on estimated New Keynesian DSGE models—
uses cost-push (markup) shocks as the primary driver of inflation fluctuations that are orthogonal
to real activity, precisely because they generate the desired negative comovement between inflation

and the output gap (or a positive comovement with unemployment or other measures of slack).

identified, isolated, and analytically characterized before. This is our paper’s first contribution. Our results extend to
models of entry with sunk costs where the number of firms acts as a state variable but we focus on the “static” free-entry
model of entry for analytical tractability, as in Jaimovich and Floetotto (2008) for flexible prices and Bilbiie (2021) for
sticky prices. For heterogeneous-firm models, see also Hamano and Pappada (2023) for an open-economy application,
and Hamano (2025) for a study of aggregate and idiosyncratic volatility.

°In isolation, the shortcomings of the standard NK model pertaining to some of the comovements we analyze have
also been studied previously. In their seminal contribution, Christiano, Eichenbaum, and Evans (2005) already demon-
strated how wage stickiness is necessary in a fixed-variety model in order to replicate the positive response of profits to
monetary policy found in the data (see also Christiano, Eichenbaum, and Evans, 1997).

®Cesa-Bianchi and Ferrero (2021) quantify empirically the contribution of sectoral shocks to aggregate fluctuations.
Other contributions emphasize related supply-side mechanisms, e.g. exit following the revenue fall due to restrictions on
a subset of products with rigid operating costs (Auerbach, Gorodnichenko, and Murphy (2021)); inter-sectoral linkages
and complementarities (Woodford (2020)); unemployment and endogenous growth (Fornaro and Wolf (2020)), and
input-output networks (Baqaee and Farhi (2020)). We abstract from such features to focus on endogenous entry and its
interaction with nominal rigidities.



In canonical estimated models such as Smets and Wouters (2007), Justiniano et al (2012), and Del
Negro et al (2015), markup shocks enter the Phillips curve as exogenous disturbances that move
inflation independently of marginal cost. They are typically identified as the dominant source
of high-frequency inflation variation. In particular, they can raise inflation while output and the
output gap decline, thus replicating stagflationary episodes. Quantitatively, these models often
attribute a substantial fraction of short-run inflation volatility to such shocks, even though other
disturbances (e.g. demand) may matter more at lower frequencies. More broadly, both DSGE-
based decompositions and VAR approaches that isolate “cost-push” innovations (e.g. oil or input
cost shocks) find a similar pattern: inflation increases while activity contracts, producing a negative
comovement between inflation and slack consistent with the New Keynesian notion of a Phillips-
curve shift (see Bilbiie and Kdnzig, 2023 for recent evidence).

This empirical strategy—treating markup shocks as reduced-form wedges in the Phillips curve—
has therefore become the standard way to reconcile observed inflation dynamics with relatively flat
Phillips curves, although it remains somewhat controversial precisely because it relies on large ex-
ogenous residuals to account for inflation movements. But note that if those supply shocks were
instead generated by negative TFP shocks, then the standard NK model would predict a positive
output gap. The literature has thus reconciled this by assuming that those supply shocks were
not TFP but cost-push shocks. But then why are profits—and also entry—not increasing during
those episodes? The uncontroversial fall in entry and profits during such recessionary episodes
is indirect evidence supporting the mechanism of our model. Indeed, our model also reproduces
the cyclicality of profits to both supply and demand shocks — and it overturns the monetary policy

prescription in face of stagflationary episodes.”

2 The Entry Multiplier and Aggregate Demand

In this section, we outline the simplest version of our model of endogenous entry with nominal
rigidities, focusing on sticky prices. Households maximize the expected present value of utility

defined over a consumption good C; and hours worked L;, where total consumption is equal to

’See Christiano et al (2005) for the role of wage stickiness in reproducing procyclical profits after demand shocks
in a DSGE model and Cantore et al (2011) and Bilbiie and Kénzig (2023) for analytical results on wage stickiness and
the cyclicality of real wages and profits; the latter paper also provides VAR evidence for the response of profits to
identified monetary policy, TFP, and cost-push (energy price) shocks. A separate issue is the response of hours worked
to supply shocks, see e.g. e.g. Gali (1999), Basu, Fernald and Kimball (2006), Christiano, Eichenbaum, and Vigfusson
(2003), Chari, Kehoe, and McGrattan (2008). Cantore et al (2014) show how factor-augmenting shocks and capital-labor
substitutability contributes to resolving that debate. A different literature (e.g. Kaplan and Zoch, 2020) studies the the
labor share response to demand shocks under nominal rigidities. Our model with all three ingredients (endogenous entry,
and sticky prices and wages) addresses all these comovements jointly.



the output of a final-good sector consisting of a CES aggregate of intermediates. We consider a
standard CRRA utility:

clol -1 Lte
T 1ot _Xl—Hp’

U (Cy, Ly)

where x is the weight on the disutility of labor. (Without loss of generality, we will choose x so
that steady-state labor is normalized to one in order to simplify the analytics.).

For now, we model nominal rigidities by assuming fixed prices for intermediates. In the full
model, we allow for more general nominal rigidities, including both sticky prices and wages. At
this stage, this simple modeling of fixed prices alone is sufficient to develop the main intuition for

our aggregate-demand amplification channel.

Static Equilibrium with Endogenous Entry

At time ¢, the household consumes C}, equal to final good production ;.8 The latter is produced

using a continuum of intermediate inputs with measure N;:

i = </0Ntyt<w>goﬂdw>&, (1)

where 6 > 1 is the symmetric elasticity of substitution across intermediate goods. Let p; (w) denote
1
the nominal price of good w and P, = <foNt pi(w)'? dw) '~ the price of the final good. The

demand for each intermediate w is then y; (w) = (p; (w) / Pt)*e Y;.? We assume
0>0>1. (2)

The first inequality ensures that the intermediate varieties w are Edgeworth-substitutes satisfying
9*U/0y(w1)0y(w2) < 0.1° The second inequality o > 1 ensures that income effects on labor supply
(modulated by the coefficient of risk aversion o1, the inverse of which also determines the elas-
ticity of intertemporal substitution) are weaker than substitution effects, so that the equilibrium
response of labor supply to real wage improvements is generically positive. In the o = 1 limit, the
two effects offset each other and hours worked are constant under flexible prices.

There is a continuum of monopolistically competitive firms, each producing a different inter-

8The two will be distinct after we introduce nominal rigidities.

°This specification follows Ethier (1982) and Romer (1987)’s extension of the Spence-Dixit-Stiglitz aggregator. Our
results carry through, albeit with some differences in interpretation, to a setup where the CES aggregate is defined over
individual varieties of consumption goods instead.

0Although 6 > 1 uniquely identifies the CES between varieties in consumption C;, utility U(Cy, L;) also includes an
additive leisure term. This explains the additional restriction on ¢ for substitutability.



mediate w € [0, V¢]. Production requires only one factor, labor, whose productivity is scaled ex-
ogenously by a factor A;. We will pay particular attention to the macroeconomic consequences of
substantial negative TFP shocks to A; (in our simple framework, this is identical to a downward

shift in labor supply). Output supplied by firm w is:

Yr(w) = Ay (w),

where [; (w) is the firm’s employment. The constant real marginal cost is then w;/A;.
We consider a symmetric equilibrium with V; firms and drop the w qualifier. The relative price
of intermediates in units of the final good is a key object that captures the aggregate productivity

benefit of input variety, also known as “increasing returns to specialization”:
Py -1
ptEf:NtG 1. (3)

Variations in the number of goods determine endogenous aggregate productivity, an insight that
is at the core of all the expanding-variety endogenous growth literature.

Let ;s denote the firms” markup (potentially time-varying):

Pt
= . 4
Ht i) Ay (4)
Firm profit (d for dividends) in period ¢ is:
1
di = pryr — wily = (1 - m) Piyt- (5)

We assume free entry subject to an entry cost fx in units of labor: d; = w; f&.
The household’s budget constraint is reflected in the aggregate accounting identity equating
expenditures (consumption plus the fixed cost “investment” for all firms) with income (labor in-

come and variable profits for all firms). That is:
Ye + Newi fe = wely + Nedy <= Yy = wily, (6)
using free entry. The associated scale of the firm yields the firm-level labor demand: I; = ﬁ fe-We

can then write the aggregate production function as:

1

0
Y = pe N Aly = N/ Ay
pr—1

fe. (7)



A key equation is labor demand, obtained by aggregating I; across producers:

R
Ly = Ty 1Nth' (8)

On the household side, the consumption-leisure choice yields labor supply:

XLE = (Lt su) Gy 17, (9)
with C; = Y;. s, is the constant labor subsidy that offsets the steady state markup: 1 + s, =
u = 6/(0 —1). For reasons that will become clear momentarily, this subsidy is immaterial for
comparing the sticky and flexible-price equilibria under endogenous entry (without the subsidy,
both equilibria would be inefficient but the comparison between them remains unaffected). We
work with the subsidy from the outset since this is material in the no-entry NK model and will

also become relevant in our more general model.

2.1 Aggregate Demand and Monetary Policy

An important distinction concerns input versus final-good prices and their corresponding inflation
rates. We refer to the former as the producer price p; and to the latter as the “consumer” price P;
which captures the welfare-based, idealized price index. Producer-price inflation 1 + m; = p;/pi—1

and consumer-price inflation 1 + 7§ = P,/P,_; are related to the growth in the number of interme-

1
1+7rt Nt -1
= ) 10
1+ 7f (Nt1> ( )

diates through (3):

This distinction is particularly important with nominal rigidities because these apply at the
individual firm-level price p;. The relevant inflation rate for aggregate demand is consumer inflation
7, insofar as it determines the ex-ante real interest rate that governs inter-temporal substitution.
Indeed, the solution to the household’s inter-temporal problem is the standard Euler equation for

consumption:!!

()7 = BE, (” <ct+1>—1/") , (1)

I+mi
where i; is the nominal interest rate and 8 € (0, 1) is the discount rate. The model is closed by
specifying the price-setting equation—delivering a Phillips curve for PPI inflation—and monetary

policy. The latter is set according to a Taylor rule, responding to expected future producer price

""'The full solution also implies a standard transversality condition.



inflation m; with elasticity ¢ > 1:12
1+, = 871 (14 Eymg1)? exp(—zy). (12)

The variable ¢; has two possible interpretations: in one, it is an exogenous (demand) shock—a
discretionary decision by the central bank unrelated to current economic conditions—for which we
can then trace-out the general-equilibrium effects. In another interpretation, ¢; is the “intercept” of
the Taylor rule, which can be actively managed by the central bank in order to cushion the effects
of structural shocks. We shall consider both, distinguishing between the two when relevant.
Under a Taylor rule that fixes the ex-ante real rate ¢ = 1, replacing it in the Euler equation (11)

and using the definition of CPI inflation (10) and p (3) delivers:

pe (C) Y7 = B, <Pt+1 (Ct+1)_1/0> exp(—e1) = py (C) /7 = exp (—er), (13)

where ¢, = E; Z;io €1+ is the “long” interest rate — measured as the sum of the future changes in
interest rates. This is a measure of the monetary stance. We leverage this policy rule for deriving

some of our analytical results.

2.2 The Entry Multiplier: Closed-form Solution

In order to distill our core entry multiplier channel, we first consider an extreme form of sticky
prices that are indefinitely fixed along with a restriction to the case of log-consumption utility (o =
1). In the next section, we return to the more general form of preferences along with arbitrary
price stickiness. Logarithmic utility in consumption implies that income and substitution effects
for labor supplied cancel out. The equilibrium hours worked is then fixed at L; = 1, reflecting
the normalization that we used for the disutility of labor in the utility function (see 9), specifically

(undero =1),x=6/(60—-1).

We use hats () to denote percent deviations from steady state: X; = In X; — In X. For any
endogenous variable X;, its steady state level (denoted without time subscript) X is determined
assuming steady-state productivity A = 1 and no monetary shocks ¢ = 0. In the steady state, we
assume that the markup is equal to its desired level determined by the elasticity of substitution

between goods: p = 6/ (§ — 1), inflation is zerow = 0and 1 +i = 371

!2Results are almost identical when using a Taylor rule that responds to contemporaneous inflation ;. The advantage
of the rule with future inflation is that it nests a policy that fixes the ex ante real (PPI-deflated) rate when ¢ = 1. Building
on Bilbiie (2008), we use this in the derivation of our analytical results — including those with arbitrary price and wage
stickiness.



Under flexible prices (denoted with a * superscript), that markup does not respond to shocks
and remains constant over time: pf = p = 60/ (6 — 1). The equilibrium is then fully determined by

the fixed labor supply along with the aggregate production (7) and labor demand (8):

1
Nf=
b 0fe
_ 1/(6-1)
Yt*za 1/ 1 a4
0 \0fe

In this simple version with representative firms and log-utility, entry does not respond to TFP A;
under flexible prices (only firm size changes): dN; /dA; = 0. In the next section, we will show that
either selection or more general preferences (¢ > 1) is sufficient to generate a response of N;* to A;:
both the extensive and intensive margins respond.

Under fixed prices, we assume that each firm’s price is fixed at p; = p°. The markup p is then
endogenous and output is demand-determined. With our restriction to log-utility and the fixed-

real-rate rule used above and using C; = Y}, aggregate demand (13) can be written

o0
M; = P,Y; = exp¢;, where ¢; = E; Z Ettj- (14)
§=0

This is the money demand “quantity equation”: M; = P;Y;, where M; also has the interpretation of
a money supply controlled by the central bank. Later, we solve the dynamic version of the model

with a Phillips curve and Taylor rule that does not entirely neutralize PPI inflation. Writing the
1

price index as a function of the fixed price P, = p°N, °~' and plugging into the money demand
1
equation yields:Y; = 2 N?~1 . This, along with fixed labor supply L; = 1, aggregate production

po

(7), and labor demand (8) fully determines the fixed-price equilibrium. The number of firms is

1 1Mt>
Ne=—[1—-— .
! fE< A; p°

Thus, with fixed prices, entry responds to TFP A;. Substituting out Mj, that elasticity is dN; /dA; =
® — 1 > 0. This leads to:'3

then:

Proposition 1. The Entry Multiplier. The response of the number of firms Ny to the supply shock A, is

3We choose the entry cost fr to equalize Y* with Y*V for A = 1: fr = (6 — 1)1 /6°. And given M = 1 in steady
state, we normalize the price level in the fixed-price models to equalize Y (under fixed prices and endogenous entry)
with that same level of output under flexible prices (Y* = Y*V): this requires p° = 6/ (6 — 1), i.e. the same markup
in the two equilibria. For the no-entry model under the same maintained optimal subsidy, we locally re-normalize the
disutility parameter to x’¥' = 1 so that baseline labor and output equal 1 across both models; this is a pure unit-scaling
choice with no implication on any of our results.

10



magnified under fixed prices (relative to flexible prices):

AN dNE Ly,
dA,

This is a powerful result that operates in models with entry and nominal rigidities. In our
simplest example with log utility in consumption and representative firms (no selection) — the
entry multiplier takes a particularly stark form because entry does not respond to FTP with flexible
prices. In our full model, we will show that this inequality still holds when entry also responds
under flexible prices; and when the response with nominal rigidities is more nuanced because both
prices and wages are sticky (instead of just fixed prices).

However, the intuition is simple and applies to the more general case: Sticky prices create a
friction that impedes adjustment at the intensive margin and inefficiently shifts adjustment to the
extensive margin. Following an exogenous productivity decline, firms would like to raise prices
to reflect higher costs, but cannot. Relative to the efficient flexible-price outcome, this further re-
duces profits and thereby further depresses entry. Due to increasing returns to specialization, this
feeds back into a further—now endogenous—fall in aggregate productivity. This entry-multiplier
is symmetric: Following a productivity increase, the same intensive margin friction induces inef-
ficiently high entry — beyond the positive entry response when prices are flexible. This distortion
increases with with the demand elasticity §, when a higher intensive-margin adjustment is effi-
cient. We return to this comparative static for the impact on aggregate output, that we will study
in the following section.

The discussion above suggests that our entry-multiplier mechanism is likely to be more rele-
vant, and more realistic, for negative productivity shocks than for positive ones, given the relative
timing of entry and pricing decisions. For a positive shock, an unattractive feature of the model is
that entry occurs before individual firms can adjust prices. One way to address this is to introduce
a sunk cost that is lower than the price adjustment cost, as in Bilbiie, Ghironi, and Melitz (2007).

For negative productivity shocks, however, the same criticism has less force. If firms are stuck
with prices that are too low and production scales too large, a larger fraction of them fail. After
a large negative shock, more firms would survive if the decline in demand could be redistributed
through lower individual sales, that is, through the intensive margin. But if such adjustment is not
possible, disproportionately more firms exit. Price stickiness is only one possible representation
of this failure of intensive-margin adjustment. More generally, the relevant friction is that firms

cannot contract individual sales or raise prices sufficiently quickly after a large adverse shock. We
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therefore interpret price stickiness here as a tractable metaphor for a broader inability to adjust
scale when a large negative profit shock would otherwise induce exit. Moreover, the difficulty
of raising prices to stabilize individual production is likely to apply at the product level as well
as at the firm level, so the exit mechanism emphasized here can also capture multi-product firms
dropping products.'*

We have simplified our model as much as possible to focus on the impact of supply shocks. In
so doing, we have adopted a formulation of sticky prices that is too simple to adequately analyze
the impact of demand (e.g. monetary) shocks in the presence of endogenous entry. We describe
the optimal monetary policy in this simplest version of our model in Appendix A.2. It features a
“divine coincidence” result that is analogous to models with no entry but similar price rigidities
and policy tools (Blanchard and Gali, 2007): the central bank can replicate the efficient flexible-
price level of output while at the same time also stabilizing inflation. However, we postpone an
analysis of monetary policy until our full model with both prices and wages is developed in Section

3.

2.3 The “Standard” New Keynesian Model with Exogenous Entry

It is useful for comparison to review the standard New Keynesian (NK) model with exogenous
entry: a fixed number of varieties N}V = N°, which we normalize to one. We use this notation
of a superscript ' (No entry) for all endogenous variables in this NK framework. Labor sup-
ply is still given by (9). The markup is similarly defined as ;¥ = A;/w}¥. This also pins down
labor demand, with no aggregate productivity benefit to variety. Furthermore, there is now no
distinction between producer and consumer prices. Since we normalize the mass of goods to 1,
individual and aggregate variables coincide. The production function is YV = A;LY, and firm
profit is & = 1—(1/ N )] V;V. This case with no entry can also be rationalized within the con-
text of our earlier model where entry is possible but unprofitable as a result of a high entry cost fr
such that & < w fg for any realization of the TFP or monetary shocks.

:N _ 9

7—. This implies

Under flexible prices, optimal pricing implies a constant markup rule p 71

that the wage is wjV = 1 A, with hours and consumption given by LN =tand V¥V = A, LN 5
Thus, output is supply-determined and the demand side only determines nominal variables: the
price level. Hours are constant in this equilibrium, even though labor supply is endogenous, be-

cause income and substitution effects cancel out (a consequence of logarithmic utility in consump-

!“See Argente et al (2018) for recent evidence on the cyclical relevance of this margin.
5Under the same optimal subsidy s,,and weight x = 1 previously used.
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tion).

With fixed prices we now have YV = AL} = Me, or equivalently Ly = s A%. Hours go

up when productivity goes down in order to keep output constant at the demand-determined
level.!®This assumes no rationing, which would occur for a large enough drop in TFPA;, in which

case output would be supply-determined. ”

2.4 Aggregate Demand Implications

We now contrast the implications of nominal rigidities between this standard New-Keynesian
model and our simplest model with endogenous entry featuring the entry multiplier. We focus
on the implications for aggregate output Y; as a function of the exogenous technology TFP shock
A;. This is illustrated in Figure 1, with fixed prices in blue and flexible prices in red). Panel (a)
on the left depicts the New-Keynesian case with exogenous entry. Under fixed prices, output is
entirely demand determined, captured by the horizontal line Y\ = M;/P°. Under flexible prices,
money is neutral and output is supply-determined: it is the upward sloping line with slope L° = 1.
Thus, the output response is always greater under flexible prices. In particular, there is excess de-
mand in response to a negative supply shock.!®

In our model with endogenous entry, aggregate output with nominal rigidities is no longer
demand-determined. Even though individual prices p are fixed at p°, the welfare-relevant price
index P is not fixed (because it also depends on entry). So monetary policy on its own no longer
determines output. This is depicted in panel (b) on the right. In our simplest model, there are
no first-order effects of nominal rigidities because—with endogenous entry—the constant labor
subsidy is sufficient to eliminate the consumption-leisure distortion (just like with flexible prices).
The only remaining distortion is to entry. But it is efficient in the steady state, leading to an enve-
lope condition for output under fixed prices (a consequence of the neutrality proposition in Bilbiie
(2021)).1? This efficiency breaks when wage adjustment is no longer frictionless, as we highlight
in the next section. There are then first order effects of nominal rigidities for output. And crucially,

the predictions for the output-gap are reversed relative to the standard New-Keynesian model. In

N

'“This effect on hours is due to income effects. Note that wages and profits are: wy¥ = A, *¢=2 (%)Hw and

Po

DY = (M;/P°) (1 — A, (HW% (My/ PO)H"’). Wages are countercyclical and profits pro-cyclical conditional on sup-
ply shocks. In particular, wages go up and profits down in response to a bad shock. Agents work more because of the
extra income effect of profits relative to the free-entry (Y; = w¢L:) case, whereby income and substitution effects cancel
out. See Gali (1999) and a large literature thereafter discussing the evidence for this co-movement.
7 This implies ﬁ{g A% < Lpax (the total time endowment), or equivalently (using A* = 1), A; > 1}3;’ L = T L
8This is a well-known property of the standard no-entry sticky-price model restated here as a benchmark.
“Note that a similar “envelope” result holds in the no-entry economy, but for welfare only: the allocations of con-

sumption and hours are both distorted in the sticky equilibrium. In the entry model instead, they are both efficient.

Lo o .
max max
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(a) Exogenous Entry (b) Endogenous Entry
Figure 1: The Output Gap: Fixed Price Y (solid blue) vs Flexible Price Y* (red dash)

particular there is then a first-order demand shortage in response to a negative supply shock when
entry is endogenous.

Howerver, even in this simplest case, output under sticky prices is always lower than under
flexible prices — but only through second-order effects; this also generates welfare costs: as we
show in Appendix A.2, despite the first-order neutrality there are second-order welfare costs of
(squared) fluctuations in inflation and in the entry multiplier, i.e. the gap between the number of

firms under sticky and flexible prices.?

3 The “Full” Heterogeneous-Firm NK Model with Endogenous Entry

and Nominal Rigidities

We now develop our full model. On the “macro” side, we incorporate arbitrary levels of price and
wage stickiness; and we allow for a higher intertemporal consumption elasticity ¢ > 1. And on the
“micro” side, we introduce firm heterogeneity and selection. We show how such a model featur-
ing the entry-multiplier described in the previous section replicates a series of business-cycle co-
movements. The addition of sticky wages generates first-order effects for the aggregate-demand
amplification of supply shocks and positive co-movements between monetary policy and entry.

Yet, we also show how sticky wages on their own cannot generate the key aggregate-demand am-

It is worth emphasizing that in our economy with endogenous entry the “envelope” result holds for both output
(consumption) and welfare: that is, the allocation of hours worked is efficient by virtue of the efficiency of entry com-
bined with the C; = w;L; aggregate accounting: the wage is both the MRS and the MRT.
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plification that arises with sticky prices. This is why we started with a simpler model with just that
single nominal rigidity in order to highlight the key intuition underlying that mechanism. Nomi-
nal rigidities take the form of (Rotemberg) quadratic adjustment costs for both prices and wages,
delivering standard Phillips curves for both prices and wages.?! The full model derivations are
relegated to Appendix A.?2

Along with the more realistic modeling of price and wage rigidities, our full model also incor-
porates firm heterogeneity and selection. Although those forces play an important role in shaping
the aggregate returns to scale of the economy, we show that they do not interact with the entry
multiplier channel that we previously highlighted. Or put differently, selection is “orthogonal” to
nominal rigidities, captured byt the difference between the flexible and sticky price equilibria. We

incorporate firm heterogeneity in both productivity and quality.

3.1 Heterogeneous Firms

Firms have heterogeneous productivity (physical output per unit labor) and quality (quality-
adjusted output per unit of physical output). We assume that those productivity and quality
differences across firms do not change over time. All firms therefore face the same productiv-
ity shifter A; over time that we modeled in the previous section with representative firms. Across
firms, we normalize output units to equal output per unit labor. This normalization delivers the
same reference price p; for all firms. We then capture both productivity and quality differences
terms across firms as an index ¢ > 0, which we just call quality (though this could also reflect
productivity differences). Our main restriction is that this index ¢ does not vary over time: only
aggregate productivity A; fluctuates.”

Demand across varieties is still CES with elasticity ¢, with quality-adjusted prices p;/q and

quality-adjusted output gy, (q) for a firm with quality ¢:

qay: (q) = (p}/f) B Y;.

*'We model wage stickiness in a standard way with a quadratic cost for nominal wages adjustments by a “labor union”.
The latter bundles the differentiated labor types of a unit mass of households, giving rise to a standard nonlinear “ wage
Phillips” curve (we follow the classic references on wage rigidity, Erceg et al, 2000; and Schmidt-Grohé and Uribe, 2006).
In the limit as the adjustment cost increases, we recover the case of fixed nominal wages. We derive a full non-linear
analytical solution for this case.

ZIn an online appendix A.1 we also derive a model extension with demand externalities that generate additional
aggregate-demand amplification.

BQur framework also easily incorporates aggregate quality changes over time. This affects the inflation metrics —
depending on whether the prices are adjusted for quality or not; but does not change any of the implications of our
model in terms of the output gap and entry-multiplier responses to productivity shocks and the impact of monetary
supply responses.
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The price index P; now aggregates over the quality-adjusted prices: PI=? = N, 1" e/ q)lf@ dGs (q),
where Gg(q) is the distribution of quality for producing (surviving) firms. And similarly, output
Y; now aggregates over quality-adjusted units: Y:TTI = N [y (que (q))% dGg (q). Thus, the rel-
ative price p; = py/P; is no longer uniquely determined by the number of producers N; due to
endogenous selection. Given that common relative price across firms, aggregating sales across
firms yields an alternative form for aggregate output Y; = p; Ny [~ v (¢) dGs (q).

We now add a per-period overhead production cost fo in units of effective labor to the firm

production function:?*

y(q) = Adi(q) — fo-

This overhead cost is also reflected in the real profit per firm:

di(q) = (1 - lj) panla) = 5 1o (15)

t

However, note that operating profits d; (q) +w; fo /A: remains unchanged. Given a constant markup
p¢ across firms, those operating profits and firm sales p;y;(q) are proportional to ¢°~!. The mod-
eling of quality for sales and profits (and all aggregate variables) is isomorphic to one with het-
erogeneous quality A;q and no quality differences. This clarifies how A;q captures heterogeneous
quality with a common time-varying trend.

The overhead cost induces selection: Only firms with quality ¢ > ¢o; will produce in period
t, where the quality cutoff is determined by the zero profit cutoff (ZPC) condition d;(go;) = 0.
As we assumed in Section 2, firms must pay an entry cost fr paid in labor units that does not
change with aggregate productivity A;. We assume that this cost is paid “ex ante” upon entry,
before firms learn their idiosyncratic quality g, but after the aggregate TFP shock A; is observed.
Following Hopenhayn (1992), we model this “learning” as a draw from an exogenous distribution
G(q). A proportion [1 — G (qot)] of firms with high quality survive and select into production; and
pay the overhead cost fo “ex-post”, yielding the distribution of quality among surviving firms
Gs(q) = G(q)/ [1 — G(qot)] with average profit:

- 1

dy /Oo di(q)dG(q).

- 1- G(QOt) qot

There are Np; entrants and Ny = [1 — G (qot)] Ngt producing firms such that the average ex-ante

*With CES demand, an overhead production cost is required to generate selection into production for the heteroge-
neous producers. We will also introduce an entry cost later in a similar way to the model in Section 2.

16



profit (prior to entry) is equal to the entry cost (free entry):

Note that we recover our representative firm model from the previous section by setting the over-
head cost to fo = 0. In this version, there is still firm heterogeneity, but that heterogeneity is
immaterial as there is no selection when there is no overhead production cost: All entering firms
with quality over the whole support of G produce in every period (N; = Ngy).

We recover the same condition for labor demand, aggregating over firms:

MZNBH£?MWM4+M}

Without nominal rigidities, consumption C; is still equal to output Y;; so labor supply x (L;)? =
[0/ (6 —1)] (Y})*l/ 7wy from (9) and aggregate accounting with free-entry Y; = w;L; from (6) re-
main unchanged. Aggregate production (7) changes to incorporate the overhead labor fo:

Y = pi Ay <Lt — Ngife — Ntf;i) ,

where Ly — Ngifr — Nifo/A: represents the total hours devoted to production (not including
overhead and entry).?®
Aggregating real profit d;(¢) from (15) yields an alternative representation for the average

profit:

= 1 }/t W
di=|1-—|———fo. 17
t ( M)M “fo (17)
And using that same expression of real profit for the cutoff firm allows us to rewrite the cutoff

fi diti _ . 0-1_ _fo P}
profit condition d;(qo:) = 0 as: qy; = s

Pareto quality distribution To obtain analytical expressions, we parameterize the distribution of

G(g)=1- (qr;m)k,

which will also imply a Pareto distribution with shape &/ (§ — 1) for firm size (sales). We assume

quality draws to Pareto:

that £ > (6 — 1) in order to deliver a finite mean for firm size. g, > 0 is a lower bound for firm

®In our representative model, aggregate production was Y; = p:A; (Lt — Nt fr), where L, — N fg represented the
total production hours. Alternatively, we can recover aggregate production function using firm production, aggregate
sales, and labor demand.
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quality.

Given a quality cutoff o, a fraction (gmin/ QOt)k of entrants will produce:

) k
N, = <“’mm> N, (18)

and the free entry condition (16) can then be written:

. k _
(q‘mn) di = wife. (19)

qot

We can also use this to rewrite the zero cutoff profit condition as:

k
_ [ 9min 0—1 Jo
() mooa @

We assume that the overhead cost fo is high enough to generate selection with go; > gmin. Com-

bining this with our previous assumption on k yields a choice for that parameter that satisfies:

9—1<k<(0—1)<1+Af? )
tJE

The parametrization of quality also yields an expression for the relative price from the CES price
index:

k A

6—1 t/E 91

= Ng—— —— . 21
Pt Et@ 1 7 dot ( )

Remark 2. Selection-Stickiness Separation under Pareto. A useful implication of the Pareto parametriza-
tion is that the cutoff gy, is pinned down by exogenous TFP A, through (20). In particular, the cutoff
is independent of the markup ji; and therefore of the price-setting block that closes the model. Se-
lection is thus orthogonal to price stickiness in this parametrization.

This orthogonality is not a general property of models with selection: departures from Pareto
can generate interactions between the firm-size distribution and the macroeconomic environment.
Our point is instead that the entry-multiplier channel survives in a tractable environment with
heterogeneous firms and endogenous selection. And as we show below, selection is itself a key

determinant of how entry and the macroeconomic aggregates respond to TFP shocks.
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Flexible price and wage benchmark

Under flexible prices and wages, firms choose their unconstrained optimal markup p; =6/ (6 — 1).
We solve our model using this condition, along with the new conditions for free-entry and zero-
cutoff-profit (20) and (19), the number of producers (18), CES price index (21), and the average
profit (17); along with the same labor supply (9) and aggregate accounting (6) conditions that
carry over from our previous model. Note that this is essentially a static equilibrium where all
endogenous variables are determined by the exogenous current period TFP A; . And their solutions

are all log-linear in that exogenous shock. We thus focus on those elasticities with respect to A;:

o 1.

th:_EAt’

S 1 i
¢ [9—1 k(‘ﬁoﬂmt’
» 1 9 1\ . .

wp = <¢+a> (0—1_k> *4r
. 1 0 1\ . .

L= 1‘0) (0—1_k>q)At’ (22)

~ 0 1 ~

7= o) (fog - ) o

1

P -1

where ¢= (gp + gf)

The flexible-price benchmark highlights how firm heterogeneity and selection change the repre-
sentative firm environment of the previous section. First, aggregate output now displays increasing
returns to aggregate productivity: d¥;*/dA; > 1. There are two distinct sources for these increas-
ing returns. The first is the standard increasing returns from variety and endogenous productivity,
captured by % > 1. The second source is selection. A higher aggregate productivity shock lowers
the cutoff qo;, allowing lower-quality firms to produce while also changing the average quality of
active producers. The strength of this selection effect depends on the Pareto shape parameter &.
As k approaches its lower bound 6 — 1, the average size of active firms relative to the cutoff firm
becomes arbitrarily large, so marginal changes in the cutoff have vanishing aggregate effects. At
that lower bound, and with logarithmic utility in consumption, the increasing returns disappear:
dyy JdA, = 1.

Second, the model now has an active extensive margin of entry: dNj,/dA; > 0. This is the
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response of entrants, before selection into production. Its magnitude is governed by the same force
that governs the response of hours worked L}. When ¢ > 1, the leisure-consumption substitution
effect dominates the income effect of higher wage, and the households respond to higher TFP
with more hours — just as it does in the no-entry model. This, in turn, raises the incentives for
entry in our model. This force is already present in the homogeneous-firm entry model once we
move away from logarithmic utility. When o = 1, aggregate productivity has no effect on entry
NEy, even though it still affects the number of producing firms NV; through the cutoff gy;. This
invariance reflects the combination of an entry cost that is not indexed to aggregate productivity
and the Pareto distribution of idiosyncratic quality.?®

Finally, productivity also affects the intensive margin: (dYt* — dNt*) /dA; > 0.Thus, in con-
trast to the stark homogeneous-firm, logarithmic-utility case used to isolate the entry multiplier
in Section 2, the flexible-price response in the full environment operates through both entry and
firm size. The analysis below therefore starts from a flexible-price benchmark in which both the
intensive and extensive margins are already active, and asks how nominal rigidities distort both
margins. We will then further discuss the contrast with the “standard” New-Keynesian model

with no extensive margin (exogenous entry).

3.2 New Keynesian Block: Price and Wage Setting and Monetary Policy

We now extend the modeling of nominal rigidities. Price and wage adjustments are possible (prices
are no longer fixed), but both are subject to Rotemberg-style adjustment costs. For price setting,
we assume that all firms (including new entrants) pay an adjustment cost for resetting their price
relative to last period’s price p;—;. We also follow the standard modeling of “wage stickiness” by
assuming wage setting by a union that bundles the households” differentiated labor inputs. The
union sets the nominal wage subject to similar adjustment costs. We detail the construction of the
induced Phillips curves for price and wage inflation in Appendix A.3, along with all the equilibrium

conditions for the full model (without any log-linearization). Similarly to producer-price inflation

1+7Tw,t Wt

1+ m, we define wage inflation relative to the rate of consumer-price inflation 1+ 75 = .
: -

Monetary policy is set according to the same Taylor rule (12) as our representative firm model.
Log-linearizing around the same steady state with A =1,e =0, 7 =7, =0,and 1 +i = 871
delivers the linear equilibrium conditions outlined in Table 1. We use the same hat notation (") to

denote percent deviations from steady state: X; = In X; — In X for any endogenous variable, with

*This is the same force behind the invariance of entry to trade costs in the heterogeneous-firm environment analyzed
by Arkolakis et al. (2012). Melitz and Redding (2015) show how departures from the Pareto parametrization break this
invariance.
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Table 1: Log-linearized Model, Summary

Static:

Markup (4) pr = fu+ by — Ay

Aggregate accounting (6) Yy =y + Ly

Average profit (17) jt =0 —-1)u+ Y, — N,
Number of surviving firms (18) N; = Ng; — kdoe

Free entry (19) (Zg — kqot = wy

CES price index (21) (0 —1)pr = Ngt+ (0 — 1) Gou
Zero cutoff profit (20) kGor + Ay =0

Dynamic:

Price Phillips-curve = BEymi1 — Vit

Wage Phillips-curve Twt = BEiTw 41 + Y (0‘1}7,5 + oLy — wt)
Euler bonds Y, = Etfftﬂ -0 (ft — Etﬂgrl)
Taylor rule i = OE 41 — €t

Wage inflation W = We—1 + Tt — g

CPI inflation T = 7th + Pt — Pr—1

Notes: The table displays all the log-linearized equilibrium conditions, around a zero-inflation steady state with an
optimal subsidy.

the exception of rates: those are already in percentage points and are expressed as deviations from
their steady-state value. The inflation rates are zero in steady state, so we drop the hats on the
m variables. See appendix A.3 for the full derivation of the non-linear model with the functional
forms for the cost of price adjustments and the optimal subsidy.

The first set of equations reproduce the set of equations that we used to solve for the flexible
price without any log-linearization.””” Although they are expressed in log-deviations, they do not
involve any linearization except for the average profit. We label these equations “static” because
they only involve current period variables.

The dynamic bloc includes the Phillips curves for prices and wages in log-linearized form: as
anticipated, they are exactly identical to those of the standard NK model with no entry. Their
slopes ¢ and v, respectively are inverse functions of the respective adjustment-cost parameter (a
lower 1) means more stickiness, with full rigidity at ¢ = 0 and full flexibility for 1 — c0).%® Due to
the nominal frictions, output is no longer equal to consumption (Y; = C}) in levels (see appendix

A.3); but that relationship (V; = C) still holds in the log-linearized model. Thus, Table 1 just refers

ZThe labor supply equation does not show up here, it is incorporated into wage-Phillips curve in the dynamic bloc.

BSpecifically, ¢ = (0 — 1) /x and ¥, = (1 + 5w) (B — 1) /kw Where the xs are the adjustment cost parameters and
sw is the labor subsidy. The optimal subsidy offsets the markup distortions for both labor and intermediate goods. This
is just a recalibration of the 1s; it will be relevant for our welfare analysis in section 4. In the log-linearized version, the
s (slopes of the Philips curves) are a sufficient statistic for the impact of nominal rigidities — because the inflation costs
are second order.
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to the equilibrium output deviations Y;.
We now show how this log-linearized model has a reduced, 5-equation representation similar
to the standard NK model (with both price and wage rigidities). However, endogenous entry now

appears as a wedge in the model’s key equations.

An NK, “Gap” Representation

Following the NK tradition, we rewrite our key model conditions in terms of “gaps” between the
endogenous equilibrium variables under nominal rigidities and their flexible-price counterparts
using tildes (*): X; = X; — X/, for any endogenous variable X. A key object, which acts as a com-
posite reduced-form shock for the dynamics of the model, is r-star (7;): the “natural” real interest
rate occurring under flexible prices and wages. This is obtained by replacing the equilibrium val-
ues under flexible prices (22) into the Euler equation for bonds, using the definition of CPI inflation

in Table 1. In other words, this is the “real” with respect to PPI inflation ; interest rate:
it = (1— pa) T Ay, (23)

where
(o=@ =1)+ k(O —0o)(1+ )
I=- E[(0—0)+ o0 —1)] <0

denotes the elasticity of r-star to a one-time TFP shock and p,, is the persistence of the TFP shock
such that Etzzlt+1 = ,oaflt.

This elasticity plays a very similar role in the standard NK model with exogenous entry. From
here on out, we also extend this standard NK reference model from section 2 to incorporate the
features that we have added to our endogenous entry model. Namely, we no longer restrict o = 1
(the same restriction o > 1 ensures that hours under flexible prices and wages respond positively
to a TFP improvement), and we model both price and wage rigidity using the same adjustment
cost process. The detailed derivation for this NK benchmark are relegated to Appendix B.

In this standard NK model, the elasticity of r-star to a one-time TFP shock is also negative: a fall
in TEP raises the natural interest rate. For comparison, it is: TV = — (1 4 ¢) / (1 + o) < 0. With
and without endogenous entry, both elasticities are bounded between —1 and 0. Therefore, the
dynamics of r-star are qualitatively similar in our model relative to the NK model; our mechanism

does not rely on overturning the response of r-star. We thus obtain a system of equations in gaps

22



that is strikingly similar to the standard NK model, with a few key differences:

s 1 -
= BEimi1 + %Yt - meEt (24)
_ Yu (0 ;

Tw,t = BEiTw 41 + 0 (o~ I1+(0-1)¢|Y; (25)
%t = (ZsEtﬂ_t—‘,—l — &t (26)
V; = EtYip1 — o (%t — By — f’f) 05T (EtNEt—H - NEt) (27)

1- 1~ A a 1 - 1 -

5 t = 51/,571 + Tw,t — T — (At - At—l) + mNEt - mNEt—l (28)

Like the standard NK model with both price and wage rigidity, this is a 5-equation model.?’
The main differences are that the price Phillips (24), IS (27), and wage growth (28) curves now
have and additional additive term that incorporate the impact of endogenous entry. The TFP shock
generates cyclical fluctuations in the familiar way: it impacts “r-star” 7, and also appears in the
wage growth equation. However, its equilibrium effects change radically due to those additional
endogenous entry terms. For instance, as in the standard NK model, r-star goes up with negative
TFP. This normally leads to a positive output gap by inter-temporal substitution in (27); but—as we
will show momentarily—the last term is endogenous due to entry and goes down, such that there
is a recession (output falls below potential ) instead. At the same time, on the supply side, the fall in
number of firms acts as a shifter of the Phillips curve (24) at given consumption, so it is inflationary;
this is akin to a fall in endogenous productivity. We first illustrate those differences quantitatively
in a parameterized version of the model. We then derive the equilibrium in closed form in a special

case and substantiate those insights beyond the specific chosen calibrated parameters.

3.3 Cyclical Implications: TFP Shocks Become True “Supply Shocks”

We quantitatively illustrate the response of all our endogenous variables to a negative TFP shock.
We also discuss the implications of our model for demand shocks and the policymaker’s use of
aggregate-demand leverage (monetary policy) to respond to negative TFP shocks (supply-driven
recession).

Consider a baseline parameterization with values that are commonly used in the New Keyne-
sian literature. The elasticity of substitution between goodsis # = 3.8, as in e.g. our previous work

(Bilbiie et al, 2007, 2012); we assume the same elasticity of substitution for labor types (6,, = 3.8;

»Equation 28 uses the wage and CPI inflation conditions from Table 1 along with definition of the markup (4) to
replace: 7}, , — 77 = W} — p} — (Wi_1 — pi_1) = Ae — Avr.
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this parameter is largely inconsequential). The Pareto shape parameter is set in line with the trade
literature to k = 4, see e.g. Melitz and Redding (2015); this implies a shape parameter for the
size distribution of firms of k/ (6 — 1) = 1.43. The CRRA coefficient is ¢! = 0.5, implying rela-
tively low income effects on labor and thus satisfying the restriction needed for hours to increase
in response to positive to TFP shocks generically;*’ Frisch labor supply elasticity is ¢ = 1. Finally,

we assume an optimal subsidy eliminating the steady-state goods and labor market inefficiency:

L+ sy = % 9331'

For the nominal rigidity parameters, we adopt empirically standard Phillips-curve slopes con-
sistent with medium-scale DSGE estimation and micro evidence on nominal rigidities. The price
and wage Phillips curve slopes are set to 1) = 1), = 0.01 per quarter. Given the optimal labor sub-
sidy, these translate into different values for the adjustment cost parameters, namely x = 280 and
Ko = ot Z—Z = 515, implying, notably, somewhat stickier wages than prices (our results are robust
to variations around this magnitude). These values and their Calvo-equivalent implied frequen-
cies (10 and 15 quarters, respectively) lie within the consensus range documented in Smets and
Wouters (2007), Justiniano, Primiceri, and Tambalotti (2010, 2011, 2013), or Del Negro, Giannoni,
and Schorfheide (2015). The Taylor rule response is ¢ = 1.5.

The associated impulse responses to a 1% fall in productivity with persistence p, = 0.9 are
shown in Figure 2. We use the same color convention to identify the flex-price equilibrium (dashed
red) and its counterpart with sticky prices and wages (solid blue). The only exception is the output
gap Y; (dashed blue). We start with the standard NK predictions (with both price and wage rigidi-
ties) in the top panel (a). Adding wage rigidities and adding adjustment costs (instead of fixed
prices) does not change the implications we highlighted for the output gap: following a negative
TFP shock, the output gap is positive, driven by the positive employment response under nominal
rigidities.

The responses for our model with endogenous entry and selection are shown in the bottom
panel (b). In sharp contrast, the response to the same negative TFP shock—persistent but transitory—
is a negative output gap. As we previously discussed, the impact on output is now first order: In
response to the 1% decline in productivity, the output gap on impact is roughly 2 percent and
is associated with a 4 percent decline in entry: Lower productivity reduces profits and expected
profitability, discouraging entry and shrinking productive capacity. Relative to the flexible-price

equilibrium, the economy therefore experiences an aggregate-demand recession in response to a

%Since the parameter o plays a dual role, this implies an elasticity of intertemporal substitution o = 2; when viewed
as capturing extra intertemporal forces from a more realistic dynamic model with investment, this number seems rea-
sonable (see Woodford, 2003 for a similar argument justifying the same value in a model without investment).
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Figure 2: Effects of a 1% TFP fall: flexible (red dash) vs sticky price and wage (solid blue)
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supply disturbance.

In another sharp contrast with the standard NK predictions, the employment gap in our model
is also negative. Interpreted through the lens of unemployment—defined by Gali (2011) as the
wedge between sticky-wage and flexible-wage hours—a TFP-driven recession is associated with
an increase in inefficient unemployment. This implication is consistent with a growing body of
empirical evidence. VAR studies identifying transitory TFP shocks using utilization-adjusted pro-
ductivity, news-shock decomposition, or sign restrictions find that adverse productivity shocks
raise inflation while unemployment increases or remains flat and capacity utilization rises, indi-
cating a contraction relative to the productive frontier rather than an expansion (Basu, Fernald, and
Kimball 2006; Fernald and Wang 2016). Semi-structural state-space estimates of output gaps and
DSGE-based measures of natural output deliver the same message: productivity improvements
are associated with rising output gaps, while negative productivity shocks reduce them. In this
sense, endogenous entry “transforms” TFP shocks into “true” supply shocks: they generate a neg-
ative co-movement between inflation and slack — typically associated in the standard NK model
with ad-hoc cost-push or markup shocks.3!

Indeed, for all variables common across our model with endogenous entry and the standard
NK with exogenous entry, the impulse responses to TFP shocks in our model closely resemble
those generated by markup shocks in the standard NK model, with one crucial exception: In our
model, markups and profits fall following adverse productivity shocks, whereas markup shocks
raise markups and imply countercyclical profits in the standard model. This distinction is empiri-
cally central. Profits are strongly pro-cyclical in the data, both unconditionally and conditional on
supply disturbances. Aggregate profits rise following positive TFP shocks and fall following nega-
tive ones, and firm-level evidence shows that productivity improvements increase profits, survival,
and entry, while productivity declines trigger exit (Basu et al. 2006; Fernald 2014; Syverson 2011;
De Loecker and Eeckhout 2017; Gourio and Rudanko 2014; Bilbiie and Kanzig 2023). By contrast,
cost-push episodes such as large oil price shocks are stagflationary but are not associated with in-
creases in aggregate profits; if anything, profits tend to fall as higher costs and lower quantities
dominate any increase in markups (Barsky and Kilian 2004; Blanchard and Gali 2007; Bilbiie and
Kénzig 2023).

Finally, while our model predicts—like the standard NK model—that inflation rises following

a negative TFP shock, inflation is lower than under flexible prices. Relative to the efficient allo-

31 Endogenous entry thus provides a micro-foundation for endogenous cost-push shocks; in section 3.2, we show
formally how entry appears as an endogenous cost-push, markup-shock wedge in the Phillips curve.
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cation, there is therefore a deflationary gap associated with the increase in slack. This explains
why, despite inflationary pressure, the appropriate policy response in our framework is expan-
sionary: easing monetary policy closes the negative output gap by counteracting the endogenous
contraction in productive capacity. We return to this point in the policy discussion below.

Although wage stickiness plays an important role in amplifying the quantitative effects of the
entry multiplier, it is not sufficient on its own to generate aggregate-demand amplification of sup-
ply disruptions. In the next section 3.4, we prove analytically that price stickiness is necessary for
our key responses (negative output gap to negative TFP shocks, and the entry multiplier): indeed,
the model with sticky wages only behaves very much like the standard no-entry NK model.

Wage stickiness is also crucial for the model’s behavior in response to demand shocks. Figure
A.2 in Appendix A.5 reports the impulse responses to a temporary monetary expansion. With
sticky prices but flexible wages, a demand shock lowers markups and profits, inducing firm exit—
mirroring the standard NK result that profits are countercyclical to demand shocks. When both
prices and wages are sticky, higher demand instead raises profitability and entry, increasing ag-
gregate activity. Entry allows real wages to rise through a lower price index rather than higher
nominal wages, dampening the fall in markups and restoring profits. We relegate the detailed dis-
cussion to the Appendix. In the following section, we derive a novel analytical condition for the
relative degree of wage versus price stickiness required to obtain pro-cyclical entry.

To summarize, our model with endogenous entry delivers a combination of predictions for the
impact of TFP shocks that is both empirically plausible and difficult to obtain in existing models:
adverse productivity shocks generate stagflation—output gaps fall and inflation rises—while prof-
its and entry are pro-cyclical. Neither standard New Keynesian TFP shocks nor cost-push shocks
can replicate these joint dynamics. By endogenizing entry and productive capacity, our model rec-
onciles stagflationary supply shocks with pro-cyclical profits, in line with the empirical evidence.

Our main finding is particularly important in the context of policy implications because endoge-
nous entry overturns the standard New Keynesian prediction for the output gap. In our framework,
adverse TFP shocks reduce profits and expected profitability, leading to a contraction in entry and
in the mass of active producers. The resulting endogenous destruction of productive capacity im-
plies that actual output falls more than flexible-price output, generating a negative output gap even
though inflation rises. As a result, TFP-driven inflation is not a sign of overheating, and defla-
tion following favorable productivity shocks can coexist with a positive output gap. Sticky prices
combined with strong entry responses can therefore generate what might be described as “good

deflation.”
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This logic has immediate implications for monetary policy. Central banks need not mechani-
cally contract in response to inflation associated with productivity disturbances. The appropriate
response depends on the source of inflation or disinflation—whether it reflects demand pressures
or endogenous movements in productive capacity through entry. Our mechanism is thus crucially
different from the “Keynesian supply shock” framework of Guerrieri et al. While both generate
negative output gaps following adverse productivity shocks, the inflation response has the oppo-
site sign. In Guerrieri et al., adverse supply shocks are deflationary at the aggregate level and thus
observationally similar to demand contractions. In our model, adverse TFP shocks are inflationary
because they trigger an endogenous contraction in the number of producers. The shock is there-
fore “supply-supply,” not “supply—-demand,” a distinction with first-order consequences for policy

design.

3.4 Closed-form Analytical Solution

To obtain a closed-form solution, we make two further assumptions: 1) Both Phillips curves are
static (8 = 0 in 24 and 25 only); and 2) the monetary policy rule perfectly neutralizes changes in
expected inflation and thus keep the ex-ante real rate fixed, ¢ = 1. These assumptions have been
commonly adopted in the literature to derive analytical results for dynamic NK dynamic models;
and they have been shown to be robust to forward-looking Phillips curves and standard Taylor
rules (e.g., Bilbiie, 2025; Bilbiie and Kénzig, 2023). Most importantly for our purpose, they do not

substantially change the quantitative impulse responses, as we detail in Appendix A.4.

The Output Gap and Entry Multiplier

With these assumptions, the analytical solution of the model (in gaps) summarized by (24)-(28)

yields:
- 1 - .
Yt:aa_lNEt+a(et+FAt>, (29)
. . 0 —
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where U, = 9, [(#/0) — 1+ (0 — 1) ¢] > 0 denotes the slope of the wage Philips-curve and © =
144+ P,u0/ (0 —0)]"" > 0is an index of overall price and wage stickiness that governs en-

dogenous persistence. When both are flexible, © = 0; it increases with stickiness reaching its
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upper-bound of 1 under fixed price and wage. The impact elasticities are then:
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which directly leads to:

Proposition 3. The output gap and entry multiplier response to a negative TFP shock are negative so long

as prices are sticky “enough”.

The elasticities are both positive so long as 1) < — (1 4 I') /T', which implies a positive thresh-
old for price stickiness (recall that lower 1) is inversely related to price stickiness).?? In the limit
as prices become flexible and only wages are sticky, our key results no longer hold: indeed, the
model behaves very much like the standard, no-entry NK model where the output gap comoves
negatively with TFP: dY;/dA; = %F < 0. Relatedly, the entry multiplier disappears (the entry
gap also comoves negatively with TFP): dN;/dA; = 8=15T < 0. These results, which extend to
a quantitative version of the model, emphasize the key role of price stickiness for our mechanism.

Sticky wages are instead essential for the next point.

The Response of Entry to Monetary Policy

We previously mentioned that our initial model from Section 2 with only sticky prices could not
adequately capture the impact of monetary shocks — because in that simplest version monetary
expansions are contractionary for entry. We now highlight how the addition of sticky wages ad-
dresses this issue. We can solve for the threshold value of wage stickiness beyond which the re-

sponse of entry to a monetary easing becomes positive:

Proposition 4. The response of entry to an interest rate cut is positive when wages are sticky “enough”:

dN 0—1
2 — >0 when Uy <1+
de Q( _g&) 1
o 1+

*This requirement and ensuing result for the output-gap response also extend to the full dynamic solution beyond
the impact elasticity. It is also a sufficient condition for the sign of the entry multiplier: v < —(1+1)/T =
(I4+1%—Ty,)ol' +6 > 0. The output gap is zero under flexible wages, for any price-stickiness, as then © = 0: a

generalization of the envelope result in Section 2. Nevertheless, the entry multiplier is Ng; = — (0 — 1) (e + F/lt>,

which generalizes the result in Section 2 by incorporating selection through & and general labor and inter-temporal
elasticities through I".
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The intuition for the first part is that when wages are flexible, the increase in labor demand
translates directly into an increase in the nominal wage — with the ensuing negative consequences
for firm profitability and exit. However, this counterfactual prediction is overturned once we add
enough wage stickiness. Then, the increase in labor demand is accommodated by increased entry.
This provides workers with real consumption gains at a given nominal wage — and thus substitutes
for the sharp increase in nominal wages that is no longer feasible. In other words, when both
nominal wages and individual prices are sticky, the consumption good price index P; must fall to
induce a rise in the real wage. This occurs via entry, dampening the fall in markups. Recall than
when wages are sticky, entry is inefficiently low. The positive monetary shock can then boost real
output by offsetting this inefficiency.

Then, so long as prices and wages are sticky “enough” (in the sense that propositions 3 and 4

are satisfied):
Proposition 5. A monetary expansion closes the output gap:

detl g5, _o = T'd (—At) - rlldNEt - (r n 1iw> d (—At) >0

Focusing on the first equality, the first term I'd (—flt> , on its own, would imply that a contrac-
tion (increase in the interest rate) is required in order to track r-star — which is going up with the
adverse TFP shock. This delivers the same prediction as in the standard NK model. However, the
second term —1/ (§ — 1) dV; is key in overturning this prediction, driven by the reduction in entry
and associated fall in endogenous productivity in response to adverse TFP. Thus, the demand-
relevant r-star (with respect to inflation in the price index of the final good, 7¢) is going down, and
this requires a cut in interest rates — thus overturning the prediction of the standard NK model.??
This intuition is sharpest in the extreme case of fixed prices and wages that we cover in the next
section.

The implications we just derived are in sharp contrast to the standard NK model (of which we
include a short recap and a novel analytical illustration in Appendix B). In that standard model, a
negative TFP shock induces a positive output gap, which can be closed by tracking r-star, entailing a
monetary contraction. Furthermore, this standard r-star-tracking policy is equivalent to completely

stabilizing an “average” composite inflation measure. We now explore this equivalence in our

3In the standard NK model, a monetary contraction is required to close the output gap (see Appendix B for details):

eV Jon = ™a (—At) <o.
;

30



model, where the required gap-closing policy instead entails a monetary expansion.

Divine Coincidence

In the standard NK model with sticky prices and wages, Woodford (2003) and Gali (2015) show
that a modified version of divine coincidence holds: the central bank can close the output gap by

stabilizing an appropriately aggregated measure of price and wage inflation, namely:

Ty = ww T + dj Tw. t-
Yo + 1 Yuw +b

This is no longer true in our model due to the entry multiplier. Writing the aggregate Phillips curve

for this inflation measure by aggregating (24) and (25) we obtain:
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duces an output gap that will be proportional to the entry multiplier N;. In our model, monetary

where we define 1)

This shows how stabilizing that measure of average inflation still in-

policy should target wage inflation: 7, ; = 0 closes the output gap. However, closing the output
gap is no longer optimal for welfare. We describe this in further detail in section 4.

In our model, closing the output gap does not restore efficiency due a combination of the in-
flationary costs and distortions associated with entry. This inefficiency result for the output gap is
reminiscent of a “cost-push” shock, traditionally motivated as an exogenous shock to the markup.
In our model, the markup also varies endogenously with the endogenous entry response. It in-
duces a similar response for the output gap as an exogenous “cost-push” shock.>* However, in the
standard NK model with exogenous entry, the optimal monetary response to such a stagflationary
“cost-push” shock (resulting from an exogenous increase in the markup) is tightening. This wors-
ens the output gap but raises welfare by reducing inflation. In the next section, we show how this
response of monetary policy is reversed in our model with endogenous entry. Closing the output

gap with monetary easing in response to the stagflationary TFP shock will improve welfare.

*As an (endogenous) time-varying real distortion, this has a similar flavor to the implications of real wage rigidities
studied by Blanchard and Gali (2010).
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4 Welfare and Policy Implications

In this section we analyze the welfare implications of our model combining TFP and monetary
policy responses. This requires the full derivation for the time path of the nonlinear equilibrium
response under both price and wage rigidities. Due to the complexities associated with this prob-
lem, we focus on the case of fixed price and wages and derive results for the direction of the welfare
responses. Thus, we impose ¢ = 1/, = 0. As we described in Section 2, the resulting Euler equa-

_1
tion under the fixed-real rate is (13), p;Y, ° = exp(—¢;). Solving for output, cutoff, and surviving

firms yields:
C(0A — (8- 1)\TT 1a o0
Vo ()T a0 e 7, (31)
0 1-1
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where the steady-state cutoff is, evaluating 20 at steady state:

6-1_ fo)t
Once again, due to our Pareto parametrization, we recover the feature that selection does not
interact with monetary policy (the ¢, shock does not affect the cutoff); though we clearly see how
selection (via the shape of the Pareto parameter k) affects all the equilibrium variables. Of particu-
lar appeal is the loglinearized solution for output (a special case of the one we previously derived,
evaluated under ¢ = v, = 0):

N f—1 0 1\ - o
Yt_(’e—a<9—1_k>‘4t+9—aet'

This makes clear that the response of output to both TFP and monetary easing is positive, and
the same two effects we identified in the flex-price equilibrium (increasing returns vs selection)

modulate the magnitude of the TFP elasticity.
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Welfare implications of alternative policies

Panel (a) on the left in Figure 3 plots the nonlinear solution of our model for output Y; as a function
of the TFP shock A;. This is the counterpart to panel (b) of Figure 1 for our initial model with just
fixed prices and log-utility (¢ = 1). The flex-price curve is in red dash. In our calibration, our
choices for §, o, and k are such that the increasing returns are substantial (the elasticity to TFP is
3.44 under the baseline calibration), yet the output curve is quasi-linear and looks very similar to
our previous model with log-utility. Most importantly, the sticky price curve (solid blue) looks
very different as it no longer exhibits the envelope property for output of the previous simple
model. There are first-order effects of nominal rigidities, as we have previously discussed. Thus,
the first order negative output gap for adverse TFP shocks that we have highlighted (the difference
between the two curves). As we have emphasized, these predictions for the output gap reverse the
predictions of the standard NK model in the panel (a) counterpart from Figure 1. Before discussing
the dotted-blue curve in panel (a), we turn to the normative implications of the output gap between

flex and sticky prices with no monetary policy intervention.

Y:

=~

1 A, 1 A,

(a) Output (b) Utility

Figure 3: The Output Gap and Utility U (C, L;): Flexible Prices (red dash), Sticky Prices (no inter-
vention: solid blue, U-max: dotted blue, gap-closing: black dash)

Panel (b) on the right plots nonlinear (lifetime) utility using the full model solution. Since the
equilibrium is efficient under flexible prices and wages (by virtue of the constant labor subsidy),
the flex-price utility curve (dashed red) in that equilibrium is an upper envelope of utility under
nominal rigidity for any given monetary policy intervention. The solid blue curve again depicts the

sticky price case with no monetary intervention. This highlights the inefficient expansion (positive
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output gap) in response to positive technology shocks: there is too much entry relative to the
efficient flex-price case (the entry multiplier); this increases output, but the associated labor market
distortion dominates and yields lower welfare.

The dashed black curve represents the outcome with a monetary policy designed to close the
output gap. (By construction, the output curve for this case overlaps with the flex-price red-dashed
curve.) As we have shown in the previous section, this is achieved via monetary easing in re-
sponse to adverse TFP shocks — and conversely via a monetary contraction in response to positive
TFP shocks. Evidently, this monetary intervention is associated with welfare gains relative to the
laissez-faire monetary policy (solid blue). This is not an immediate consequence of inefficiently
low output under negative TFP shocks and inefficiently high output under positive shocks. There
is also the response of hours (dis-utility of work) that shows up in utility but not in output. Neither
is efficient under laissez-faire monetary policy. Thus, correcting only the inefficiency in output is

not guaranteed to improve welfare; However, we show this is indeed the case:

Proposition 6. A monetary policy expansion improves welfare when starting from a situation with below-
trend TFP associated with a negative output gap; conversely, a monetary contraction improves welfare with

above-trend TFP associated with a positive output gap.

We prove this formally in Appendix C.1 by replacing the equilibrium expressions derived in
(31) in the utility function and deriving comparative statics with respect to a monetary expansion
in a low-TFP state. A monetary contraction is instead optimal in an (above-trend) TFP-driven ex-
pansion. This result for monetary policy overturns a key prediction of the standard NK model.
In that model, a monetary tightening is required to close the (positive) output gap—thereby also
improving welfare—in response to negative TFP shocks. And conversely, the standard NK model
requires monetary easing to close the negative output gap in response positive TFP shocks.?®> Ap-
pendix C.1 also contains a proof for this welfare result for the standard NK case and reviews the
intuition for it.

Finally, we derive the welfare-maximizing monetary policy (a simple, static version of a Ramsey
problem) by maximizing utility subject to the equilibrium values derived under fixed prices and

wages in (31). This delivers our final proposition:

*In that standard NK model, this gap-closing policy would track r-star. In our economy, tracking r-star would uni-
formly deteriorate welfare relative to no intervention: it induces a contraction (r-star still goes up in our model) when
the economy needs an expansion. This is one of the sharpest policy lessons of our model: simply tracking r-star can
dramatically backfire in an economy with endogenous entry. Of course, in our model the gap could be closed by track-
ing the true demand-relevant natural rate (rather than the standard PPI-based r-star), which entails a monetary expansion;
due to measurement issues, this welfare-relevant object that includes endogenous productivity via the variety effect is
not directly observable.
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Proposition 7. Optimal monetary policy is countercyclical, requiring an expansion in a TFP-driven reces-

sion.
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Furthermore, to first order, this is identical to the monetary easing required to close the output gap e,

Thus, under the optimal policy, the output gap is stabilized to a linear approximation.

Optimal policy requires easing “automatically” whenever there is a recession (the first line)
and also in reduced form, whenever there is a negative TFP shock (the second line). This and the
proof of the second statement can be seen most clearly in log-linearized form:
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This shows that de?”" is identical to the gap-closing value de;| av,—o We derived in Proposition 5.
However, this equivalence holds only to first order. The gap-closing policy is still inefficient due to
higher-order terms, for two reasons. First, the inefficient change in entry. And second, when prices
are not fixed, there is also inflation.3¢ Both of these welfare costs feature analytically—even when
the output gap is closed—in the second-order approximation to the welfare function we derive in
Appendix A.2.

The dotted blue curves in Figure 3 plot output and welfare under this optimal policy. Even
though the output gap is closed to first order under that optimal policy Y;** = 0, itis still negative to
higher order and the policy is still “second best” due to the welfare costs associated with the change
in entry.*” Panel (a) highlights how the output gap is closed to first order, but not to higher order.
Panel (b) highlights how the gap-closing policy is optimal to first order. In fact, in our calibration,
even the higher order differences between that policy and optimal one are barely noticeable.

The above results apply for fixed prices and wages. One might worry that in a model with sticky

%1Tn our initial model in Section 2, we characterized both inefficiencies using a second-order approximation to the
welfare function.
% Appendix A.2 also derives the second order welfare costs for this optimal policy.
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(not fixed) prices and wages, a gap-closing policy would be inflationary and thus welfare-reducing.
It is important to understand why this is not a concern in our model, even though it is a legitimate
worry. Indeed, in the standard NK model, a monetary easing will close the output gap in response
to a cost-push (markup) shock—but generically worsen welfare because of its inflationary effect:
the optimal policy in the standard NK model in response to a stagflationary cost-push shock is a
monetary contraction, trading off its inflation-reduction benefit against a worsening of the output
gap. Our main result is that even though the (TFP) supply shock is now stagflationary, the welfare-
maximizing monetary response is reversed: it amounts to easing instead of contracting.

That a monetary easing in response to a negative TFP shock does not create extra inflation is a
subtle point that requires some elaboration. Prima facie, this makes it sounds like a downward-
sloping Phillips curve. However, this is not about the PC slope, but rather about an endogenous,
entry-driven shift of the curve when demand shifts. A negative TFP reduces both productivity and
profits and implies fewer entrants, fewer varieties, and lower markups. Inflation rises due to these
variety and markup effects. But, crucially when the central bank eases, demand and profitability
rise, which boosts entry. Variety expands, markups increase, and consequently inflation declines
again. The mechanism behind “easing curtails inflation” is there: not a slope reversal, but an
endogenous “supply restoration” channel. In other words, it is not that the Phillips curve itself
flips but that policy-induced entry shifts the effective supply curve endogenously.

Figure C.1 in the Appendix C.2 substantiates these points by plotting the impulse-responses
of all variables under the gap-closing policy (with black dash and crosses), along with the same
baseline cases previously pictured. First, trivially, wage inflation is zero (the gap-closing policy
is the one that fully stabilizes wage inflation to first order in our model). Second, more subtly,
PPI inflation under the gap-closing policy is even lower than no monetary response (the main and
robust finding is that it is not significantly higher; it only happens to be slightly lower under our
baseline parameterization). So even going back to the more extreme intervention from Figure 3 of
closing the output gap entirely (optimal is to intervene less), does not generate inflation. And this
is despite an exogenous monetary expansion by itself being ceteris paribus still inflationary, as we
illustrated in Figure A.2 in Appendix A.5. Indeed, note that easing “too much” — in this exercise,
beyond what is needed to close the output gap — would then induce higher inflation just like we

show for the case of monetary easing on its own.
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5 Conclusion

The qualitative predictions of our framework for an adverse (negative) TFP shock, set against the
standard New Keynesian model with and without cost-push shocks, can be summarized compactly
as follows. All three cases predict an ensuing rise in inflation (driven by worse technology in the
TFP cases, and by an exogenous markup wedge in the cost-push case) even under flexible prices —
and price rigidity dampens but does not eliminate this upward pressure. The cases diverge sharply,
however, on the output gap and on the appropriate policy response.

In the standard NK model, an adverse TFP shock opens a positive output gap, counterfactually
pairing adverse FIP shocks with an overheating economy. The prescribed response is to tighten,
which lowers inflation and closes the gap without trade-off. Cost-push shocks were introduced
precisely to repair this counterfactual, delivering the stagflationary comovement of higher inflation
and a negative output gap. But this does not address the NK model’s prediction for monetary
policy: tightening is still the optimal response for welfare with cost-push shocks. In that case, it
involves a trade-off of widening the output gap in return for lower inflation.

Our model with endogenous entry delivers the same stagflationary comovement—inflation
rises and the output gap turns negative—but without this trade-off for the monetary policy re-
sponse: easing raises the output gap while inflation falls. In addition, our model predicts that
profits and entry are procyclical, consistent with the evidence. This resolves an inherent tension in
New Keynesian models, where cost-push, markup shocks can generate stagflation but only at the
cost of countercyclical profits.

In our framework, an adverse TFP shock thus becomes, in both its positive and its normative
implications, a true supply shock. This is the paper’s central message: endogenous entry allows
productivity shocks to generate stagflationary dynamics together with procyclical profits—a com-
bination existing models struggle to reconcile—and it implies that monetary easing, not tightening,
is the right response to adverse TFP shocks. The associated demand expansion increases profitabil-
ity, induce entry, and raises output by expanding the economy’s productive base. This channel is
absent in representative-firm models and highlights the importance of firm dynamics for policy
transmission.

Even though our model features firm heterogeneity and endogenous selection, we show how
those can be embedded within a modeling framework that closely resembles the structure of New
Keynesian models — with entry and selection appearing as wedges in the Phillips curves and re-

source constraints. This structure allows us to deliver closed-form analytical results while preserv-
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ing the familiar logic and transparency of the New Keynesian literature.

More broadly, our results suggest that firm dynamics are not a second-order feature for mon-
etary policy analysis. By endogenizing the creation and destruction of productive capacity, entry
transforms the interpretation of inflation, slack, and the appropriate policy response to supply
disturbances. Productivity-driven disinflation need not signal weakness, and productivity-driven
inflation need not signal overheating. Understanding which margin of adjustment is operative—

intensive or extensive—is therefore essential for both positive and normative analysis.
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Appendix

A Derivations and Complete General Model Outline

In this Appendix, we first provide some key derivations for the simplest benchmark model and

then outline the full general model with both sticky prices and wages.

A.1 Second-order solution in the simplest model

To understand what drives the key result that completely overturns the propagation of supply
shocks in the no-entry New Keynesian model, we compare the two free-entry equilibria using
a second-order approximation around the point Y = Y*. This leads to our Proposition 8. Let
temporarily small letters denote log deviations, and small letters with a tilde denote deviations as
a share of the steady-state value, i.e. 7; = (X; — X)) /X. Of course, when focusing on a first order
approximation this distinction is immaterial, since to first order z; ~ x;; but to second order the

two are different (%; ~ z; + 7).

Proposition 8. To second order, output under flexible and sticky prices is, respectively:

7F o~ + 1 2
Yp = Qe 2at7
- 1
ytgat+§(1—9)a§. (A1)
Therefore, the “output gap” is:
O, 1
U — U~ —iea?. (A.2)

But the output gap response is always negative, due to the second-order effect. There is also an
asymmetry: output increases by less in response to positive shocks, but falls by more in response
to negative shocks. For large negative shocks in particular, the response under sticky prices can be
substantially larger.

Dissecting the Mechanism. The key to understanding these second-order (concavity) effects
lies in the equilibrium dependence of aggregate output to the number of intermediate inputs Y (V).
As we already noted, N itself is a linear function of A. In other words, N is (linearly) amplified

through our entry multiplier. Y is then amplified further through second-order effects. In partic-
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ular, consider the “aggregate production function”:
o L
Y, =N/ A <fE) (A3)

A second-order approximation around the steady-state equilibrium yields:

_ L—-0fgN 1 ( 0) L 2
NE (@) 2o 1) (L fEN) " (Ad)
01— 1 0 9+N*—22
I-To- X" 2017 t
_ 1 0 2
= 57(9_1)27%

The first linear term drops out given that N = N* = L/0fg (The steady-state value is the same
as in the efficient flexible-price equilibrium). Thus, the output gap is always zero to a first order.
Intuitively, entry implies an adjustment mechanism such that if demand is too high and therefore
profits too low (due to sticky prices), some firms exit. This reduces aggregate output through
the variety effect, and since variety provision is efficient with CES preferences and flexible prices,
output is the same as in the flex-price level to a first order (although the number of varieties is
inefficiently small); in other words, the individual per-firm labor demand shifts, but the number
of firms moves so as to offset the effect on aggregate labor demand to first order. This is a more
general case of the local neutrality result in response to monetary shocks first emphasized in Bilbiie
(2021).38

The amplification of exit (lower IV) to a negative productivity shock (lower A) thus generates
amplification for the fall of real output Y. This effect, which operates through the concavity of
consumption in the number of intermediates, is increasing (in absolute value) with the benefit of
variety (§ —1)7'.% 1t is thus determined by the same parameter governing the amplification of
entry itself. Naturally, when the benefit of variety (the degree of increasing returns to specializa-
tion) vanishes there is no curvature of output in the number of varieties. The degree of increasing
returns to specialization is crucial for the balance between the extensive and intensive margin ad-
justment that becomes distorted under sticky prices. More intensive-margin adjustment would be

desirable but is unfeasible, and this distortion is less important when goods are closer substitutes:

%¥We show in Appendix A.2 that this first-order irrelevance holds generally for arbitrary price stickiness.

¥In Appendix A.2, we provide an alternative interpretation (for an arbitrary degree of price stickiness). We take
a second-order approximation to household utility (Woodford, 2003, Chapter 6) delivering a loss function in squared
inflation and the gap of the number of firms from its flex-price level (equation (A.6) therein); replacing the latter equi-
librium expressions we obtain the equivalent of Proposition 8 above.
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¢ larger, less returns to scale (less benefit of variety), less distortion. To summarize, § determines
both entry amplification and the concavity distortion, but has opposite effects on these two forces.

Overall, the net effect of 6 is to amplify the difference between flexible and sticky-price allocations.

A.2 Stabilization Policy Implications and Second-order approximation to utility

The simplest, stripped-down version of our model with only sticky prices is unsuitable for studying
monetary policy or demand shocks: a monetary expansion induces a counterfactual prediction of
increased exit. The reason is a well-known feature of the standard NK model: markups and prof-
its are countercyclical to demand shocks. As demand goes up, labor demand shifts up, increas-
ing the real wage and real marginal cost and eroding margins; with free entry, this leads to exit.
We show in Section 3 that extending the model to introduce wage rigidity solves this issue and
its monetary policy implications—while also providing a quantitatively powerful amplification
mechanism.. Here, we nevertheless prove a “divine coincidence” result analogous to fixed-entry
economies (Blanchard and Gali, 2007): the central bank can replicate the efficient flexible-price
level of output while at the same time also stabilizing inflation (in a version where prices are not
fixed but arbitrarily sticky).%

This can be seen directly by replacing the free-entry condition written for arbitrarily sticky
prices, as a function of the markup (8) into the aggregate accounting equation (7), obtaining (as-

suming log utility in consumption without loss of generality, so that hours are constant at L):

A

It follows directly that stabilizing the markup at its flexible-price level ;* = 6/ (6 — 1) and thus
eliminating inflation in individual prices, delivers the flexible-price level of real activity Y;* in Table
1, or vice versa: there is no conflict between the two objectives, i.e. “divine coincidence”.

This can be further illustrated by taking a second-order approximation to household utility,
following e.g. Woodford (2003, Chapter 6). The derivation, described in the Appendix A.2 (for
the benchmark case of log utility in consumption that isolates our channel) delivers the quadratic
loss function:

Lo — |nnd + (991) (ne - )2 (A6)

capturing the costs of (squared) individual-prices inflation (x is the Rotemberg adjustment-cost

“'We are grateful to an anonymous referee who suggested both emphasizing this property and the connection with
the second-order welfare approximation.
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coefficient) and the gap of the number of firms relative to the flexible-price level. The latter is a
sufficient statistic for the welfare loss, due to the local neutrality result emphasized above: output
is equal to the first order to flexible-price output, but it is different to the second order because of
the extensive-margin concavity effects discussed above. Replacing the equilibrium expressions of
n: (under fixed prices, so for m; = 0) and n;, we obtain exactly the second-order approximation of
the output gap in Proposition 8 above.

This welfare criterion can be used to assess the implications of different, suboptimal policy
rules. For example, the suboptimal rule of fixing the money supply (or, with fixed prices, the
real interest rate) “costs” £, = —30a? in the endogenous-entry model; while in the fixed-entry
model (where the loss function is readily derived in e.g. Woodford, 2003; or Gali, 2015), it is
LY = —35 (14 ¢) a?, where ¢ is the inverse labor elasticity . This illustrates that the models are not
directly comparable (they are not nested in one another); the welfare costs are determined by dif-
ferent features of the economy—the benefit of variety and elasticity of substitution, in the former
case; and labor elasticity, in the latter. Furthermore, while the fixed-monetary-policy rule is subop-
timal in response to negative productivity shocks and thus costly in both economies, its underlying
implications are radically different: a positive output gap under fixed entry, but a negative output

gap in our free-entry economy. This is the key takeaway of our benchmark model.

Second-order Approximation

Note that we approximate around the steady state of the flex-price equilibrium (which is the

same as for the sticky-price equilibrium) with N* = %Eg and C* = (N*)7-1 (AL — N*fg) =
1 —

(N*)7=1 &L AL. A second-order approximation to utility around this steady state (which, by virtue

of free entry, is efficient) delivers:

. - Li—L 1 —C\? Li—L
UtEU(Ct,Lt)—U(C,L):UCCCtCCJrULL tL +2UCCC’2<CtCC> +ULLL2< tL

-1

1+ )
—veC et Lo vt [+ FEER| s eap o 16 P).

o
2
where small letters denote log-deviations from steady state c¢; = log % and we used

Ct_CNC —‘1-162
c T2

and same for L,. Finally, ¢.i.p are terms independent of policy and O (|| ¢ ||*) groups all terms of

order 3 or higher.
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Next, note that we focus here on the simple case of logarithmic utility in consumption o = 1,
implying that hours worked are always fixed in equilibrium (regardless of price stickiness and
regardless of monetary policy). Therefore, the second term in the approximation drops out (this
allows us to focus on the entry channel that is of the essence here). Furthermore, the term in
squared consumption deviations ¢7 also drops out since o = 1, so we are left with the linear term—
that we nevertheless need to approximate to second order. Taking a second-order approximation

of the aggregate production function/resource constraint:
_(1_F 2\ yoT AL, —
Cr=(1 ot Ny (AL — Nifp)

around the steady-state using that hours are always constant in equilibrium and denoting by ¢, =
—In (1 — &77) the inflation welfare cost (which we then approximate to second order below ):
Cy~C— N1 (L~ Nfg)d + <(911> Nei (L - Nfg) — Nelle> (N, — N)

1 7 (1) Mo (L= N )

_1
+ No-TL (A — A) + = A o (N; — N)?
meeq fEmeeq fE

+ rllzvril—li (N, — N) (A, — A)

and writing with percentage deviations (recall A = 1 by normalization):

C,—C 1 N%(%_‘ng>Nt—N NTTLA A

¢~ g C N Tc¢ a

11 Nﬁ((ﬁ*)(%—fE)—?fE) (Nt—N>2+ 1 NFiLN,—NA—A
0

to9 1 c N 1 ¢ N A4

Use the steady-state, replacing N = f%e and noticing that the 1st order term disappears:

C,—C L0 A-A 10 (NN 6 N—NA-A
C f—-1 A 2(0—1)> N -1 N A

Finally, using the second-order approximation of the cost of inflation 6, ~ Jx77 and the ex-

pression of the flexible-price number of firms n; = a; and ignoring terms independent of policy
and of order higher than 2, the loss function is proportional to

—% <m§ o 91)2 (ne — n:)Q) .
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A.3 Nonlinear general model with both price and wage stickiness

Firms face nominal rigidity in the form of a quadratic cost of adjusting prices over time (Rotemberg,
1982). Specifically, the real cost (in units of the composite basket) of output-price inflation volatility
around a steady-state level of inflation equal to 0 facing firm ¢ is:

Each firm faces:

paci(q) =

K ( pe(q)

2
s (1) sk (A7)
where p; (9) = p: (q) /P denotes the real (relative) price of firm ¢’s output. This expression is
interpreted as the amount of marketing materials that the firm must purchase when implementing
a price change. We assume that this basket has the same composition as the consumption basket.
The cost of adjusting prices is proportional to the real revenue from output sales, (p; (¢) /P:) yP (q),
where 3P (q) is firm ¢’s output demand.

Firms face demand for their output from consumers and firms themselves when they change

prices. In each period, there is a mass N; of firms producing and setting prices in the economy. 4!

The total demand for the output of firm ¢ is thus

) = ("7 . (A8)

where Y;. = C, + PAC, = Cy + Nypacy (q)
Then, the objective function of a firm choosing its price is equal to the firm ¢’s real profit in
period ¢ (distributed to households as dividend) net of the price adjustment cost; this can be written

as

k( pi(q) ?
di'(q) = pr (@) v (@) — wile (a) = 5 <ptt1(q) -~ 1> (@) yP (q).

At time ¢, firm q chooses I; (¢) and p; (¢) to maximize df (¢) subject to y: (¢) = yP (¢), taking
wy, Py, Cy, PACy, and A; as given. Letting \; (¢) denote the Lagrange multiplier on the constraint

y: (¢) = yP (q), the first-order condition with respect to I; (¢) yields:

Wt

At (q) = E

The shadow value of an extra unit of output is simply the firm’s marginal cost, common across all

“'When a new firm sets the price for the first time, we appeal to symmetry across firms and interpret the ¢ — 1 price
in the expression of the price adjustment cost for that firm as the notional price that the firm would have set at time
t — 1 if it had been producing in that period. See Bilbiie et al (2007) for a justification of this assumption—which is
consistent with the original Rotemberg (1982) setup—and a relaxation. Note that symmetry of the equilibrium will
imply pi—1 (q) = pr-1Vg.
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firms in the economy.
Maximizing the PDV of net profits (discounted wth the SDF, i.e. the marginal rate of intertem-

poral substitution of the household A;;;1) we obtain, imposing symmetry of the equilibrium

pe(¢) = p; and denoting 7, = pf’jl — 1, after some substitutions the Phillips curve correspond-

ing to the pricing decision is:

(14 m) 7 = BE;

1
(C't+1> > Yigr NV (14 ma1) maa

Cy Y: Ny

el (-5

Notice that by virtue of the assumption of heterogeneity in product quality, price stickiness does
not interact with selection. Note that the total GDP of the economy, inclusive of the adjustment
cost, is V; = (1 — §77) ~1 ¢, and we used this in rewriting the Phillips curve.

The “wage stickiness” part is standard—wage setting is done by an union bundling the differ-
entiated labor inputs of households, setting the nominal wage subject to adjustment costs—and its
details are unaffected by the introduction of firm entry. For the sake of space, we do not report all
derivations of this block but refer to Erceg et al (2000) and Schmitt-Grohé and Uribe (2006). We
first provide the nonlinear equations (used to derive the loglinearized equations in text).The disu-
tility of labor can now be written as ﬁ (%) e where we already replaced labor supply
using labor market clearing L;/ (1 — %Wi,t) where L, is total labor demand and the denominator
is related to the labor cost of adjusting nominal wages paid by the union. Denote the wage inflation
rate by:

wy
1 + TI'w’t =

1+n
o ( t)

The optimality condition for each union setting wages for a differentiated labor type subject to a
downward sloping labor demand with elasticity 0,,, and a Rotemberg adjustment costs paid in
labor units «,, is:

Tt (Tw,t + 1)

2 ﬂ-w,t

_1
(Ct+1) 7 Li1 Twpi1 (Twerr + 1)

Kw 2
Ct Le 1= 5T

©
O, — 1 O 1 Ly
+ 7 (1_ 2) — (14 sw)]|,

— 1 Rw
w 1 wtCt 4 2 Tw,t

where 1 + s,, is a labor subsidy set by a fiscal authority to eliminate both distortions in the goods
and labor market.

The full model is described by Table Al. In the simulations, we set 6,, = 6, s, = x and an op-
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Table A.

1: Benchmark Model, Summary

1. Pricing Pt = ,ut%
_ - §
2. Price PC (L4 m)m = BB |(S2) " B (1 ma) mn | + 2[5 = 552 (1= 577)
—T 2
3. Wage PC ¥ = BE. [(%ﬁ) A e e ) } + ot [ L () O sw}
w, wtct 2 w,t
1 1
5 _ 1+
4. Euler bonds <1+ﬂ“ Ciid )
5. Taylor rule 1+i =811+ Et7Tt+]_)¢ exp(—ey)
6. Wage inflation | 1 + m,,; = u}:’ - (1+ )
7. Agg. acct. Ci + 57} %Y, + Ngywi fr = wi Ly + Nydy
: 1) Y
8. Profits de = (1— m N % O
- E_

9. Free entry wefe =1 -G (qot)) dt = (%) ds
10. CPI inflation 11:7’:: = pfﬁl

1 1

. 0—1 9_1

11. Variety effect | p, = (k—(};—l)) qot N/ k
12. Survivors | N; = (1 — G (qot)) N = (qqrgin) Ny

[N
13. Exit Cutoff qot = <#{31 %) ot pi !
14. Output Ci=(1-5m)Y,

Notes: The table displays all the nonlinear equilibrium conditions.

timal subsidy eliminating the steady-state inefficiency stemming from both market power sources

14 sy =

0 _6y

0—-16,—1"

Note that the price adjustment cost is second order and it does not appear in the log-linearized

version around a zero-inflation steady state.

Finally, aggregate accounting, free entry and the profits definition imply that the “aggregate

production function” takes the form:

Y, = Aipy < — Ngife — Ny {40)
t

in other words, labor used in production equals total labor minus labor used to pay for the entry
fost (for all entrants) and labor used to pay for the fixed overhead cost in efficiency units (for all
producting firms)—i.e., the labor market clears by Walras” law.

A.4 Baseline vs Analytical Calibration

In Figure A.1 we repeat the experiment of Figure 1, comparing the baseline calibration g = .99

with the static-PCs calibration used in the closed-form analytical solution 3 = 0. As the figure
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makes clear, the responses are barely distinguishable for all real variables; differences naturally
appear for inflation (and hence the real rate), since such a sharp change in  essentially amounts

to a recalibration of the long-run Phillips curve’s slope.

Consumption=Output (C=Y) Output Gap PPl inflation « Profits total
oF = T _ga=E== bl

== 0 -
0 =
O - ,r"
17 2 o’
7] od [
E 1
4 4 /3
s Sticky both, 3=0.99 <
= == Sticky both, 5=0
4 ) -6
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Employment G TFP shock
-0.5
-1
15 20 0 5 10 15 20
Productivity/Quality Cutoff q,
0 S 03
-
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i 0.2
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-4
0
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Figure A.1: Effects of a 1% productivity fall: 5 = 0 (red dash) vs = 0.99 (solid blue).

A.5 Demand shocks: with vs without entry and sticky wages

In Figure A.2, we report the impulse responses to a 1% interest rate cut for the no-entry NK (panel
a) and our entry (panel) models, respectivly—without sticky wages (only sticky prices) in dashed
green, and with sticky both prices and wages in solid blue.

In our model with entry (panel b) but sticky prices only, we see how the demand shock induces
exit. As we previously discussed (and shown analytically), this counterfactual prediction is driven
by the sharp drop in the markup, and hence profits (per firm).

42 In the no-entry NK model (upper panel a), the countercyclicality of markups in response
to demand shocks implies that profits are countercyclical too under flexible wages. This is a well-
known issue of sticky-price (only) New Keynesian models, for which wage stickiness is an equally
well-known solution making profits procyclical; we see in panel a that the markup and profits are
countercyclical in the sticky-price-only case, but the markup gets dampened and profits become

procyclical under wage stickiness.

*“The cylical properties of profits have nontrivial (and sometimes perverse) aggregate-demand implications throgh
distributional mechanisms in models with heterogeneous agents, see e.g. Bilbiie (2008, 2020). Wage stickiness helps
alleviate some of those issues, as discussed recently e.g. by Broer et al (2020).
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(b) Endogenous Entry NK

Figure A.2: Effects of a 1% rate cut: Sticky P only (green dots) vs Sticky P & W (solid blue)
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B Standard NK Model (Exogenous Entry) with Sticky Prices and Wages

The first 8 equations in our Table 1 are exactly the same as in the standard, no-entry NK model,
modulo the right modifications: in particular, the first equation (4) would have p; = 0 (no benefit of
variety), implying simply that the markup is the inverse of real marginal cost; in the last equation,
CPI inflation would this be the same as producer inflation (m; = 7¢). In the second equation (6),
aggregate accounting and the CRS production function would simply imply Y; = A; + L;.** The
third equation (17) would simply be the definition of profits (with no change in entry,Nt = 0),
which are irrelevant for the equilibrium outcome.

We now show (mostly review) how, under DRS Y, = A;+al,, and with the same fixed real rate
rule used in text: 1. the output gap goes up with negative TFP; 2. it can be closed by tracking r-star,
which entails a monetary contraction; and 3. this tracking r-star policy is equivalent to completely
stabilizing the “average” composite inflation measure (this last point is to the best of our knowledge

novel). The natural interest rate is:

where

so it co-moves negatively to TFP. Note that the response of hours in the flexible equilibrium is
oW+l =0f = A+ (a—1)LisoLf = (1-07}) mﬁt, which shows that o| > 1
is the restriction needed for hours to respond positively to TFP, with the same intuition as before
(income effects dominated by substitution effects). Writing in gaps (ignore superscript A" when
obvious to lighten notation)

Take difference assume ¢ = 1

— Y, N ~, o \
Twp = Tt = B (EiTwit1 — Eimeg1) + Yu <<U L+ 1 SDO) Y- wt) —v <wt 1o ozYt>

Demand side fully determines output gap in this version of the standard NK model:

Y;N = Etf/;/_}_fl + o (Et + ’I“:N) — f/;fN =0 (Et + FNA{)

30r equivalently from the income side: ¥; = (1 —~") (wt + ﬁt) + 607 d;, with dy = Yi 4 (0 — 1) fie.

All



Table B.1: Loglinearized NK Model, in Gaps
Common equations: ‘

1. Pricing —f = w + 125V

2. Price PC 7 = BEsmpsn + 9 (u?t + ﬁm)

3. Wage PC Twt = BBl + ((0_1 v &) Y, — ﬁ)t)
4. Euler bonds Y, = Etf/tH -0 ('Zt — Eymgaq — ﬁf)

5. Taylor rule it = QFymi 1 — &t

6. Wage inflation | w; = w1 + Ty — m — (W] — wj 4)

Notes: The table displays all the loglinearized equilibrium conditions of the no-entry NK model, in "gap" notation, around a zero-
inflation steady state with an optimal subsidy.

The Phillips curve and wage equation deliver:

W=+ (wf —wi ) = B (B — e + (wiyy — w?))+<¢w <01 + X ) — 47 fa> Yi—(thw + )

l1—«

BEgy1 — (1+ B+t + ) @y + Byo1 = (%fa ~Yu (0_1+1fo¢>)%

+ (wf - wf—l) - B (Etw:-&-l - w:)

Use static PC

(07

11—«

(1+¢w+¢)ﬂ7t=ﬂ7t—1+<¢w <‘7_1+1_(pa>—¢ >1~/}—(w2‘—wf[_1)

This determines the wage gap, but output gap already given by demand side, given r-star.

When TFP falls, r-star goes up, and the output gap goes up. “Cure” this by contracting:
Ay =0 eV =TVa (- 4y),

increase interest rates (negative €) in response to a negative TFP shock because it engenders an
output-gap expansion.

Finally, note that this “tracking r-star” policy is exactly equivalent to a policy stabilizing the
average inflation measure defined in text, since in this model modified divine coincidence holds

(closing the output gap stabilizes average inflation). It can be easily shown by aggregating the two
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PCs (and it is a textbook result known from Woodford 2003 and Gali 2015) that in this model:

_ _ - _ +oa)\ &
WtzﬁEtWtHJrll)(U 1+f )Yt

—

As we saw, all these policy are very different in our endogenous-entry model.

C Welfare and inflation implications of easing and gap-closing policy

C.1 Proof that monetary easing increases utility in low-TFP state

Suppose we start from a realization of TFP under steady state, A < 1 which leads to a recession
under fixed prices and wages. Under the calibration used in the welfare figure, the solution for

output (consumption) derived in 31 becomes, denoting M; = exp(e;) for ease of interpretation:

6—1
_1 — o= — —1 o— g —a
Li= Mt%Ytl T = (0A— (9 1)) AT i <0Mt> '

where the second equation is the solution for hours worked.

The change in utility in response to a monetary expansion will have two terms, one from utility

of consumption the second from disutility of labor. The first term of dU (.)is:

-1 6 1
:Ytl UUG—JE
The second term is
L“’st T o=l 9-lo-1 0 = f—1 0=l 1
L = I (pA - (0 - 1) AT <9_1> o0 (i
0—1 1
:—Liﬂjae_aﬁt

This needs to be evaluated at steady-state M:



Collecting terms
dUy -1 0 1 1+ 0—1 1
—t oy — LMo
th t UH—O'Mt t U@—O’Mt

0—1 1 0 1-1 1+
— - Y o _L ®
Oﬁ—oA@<9—1t t )

Evaluate sign of paranthetic term, show it is larger than 0 (derivative of utility is then positive

under the parameter condition (2)):

0 1-1 4 6 1-1 0 1-1\'"¥
Ly, et =y e (MY, °
f—1" t 0—1" <t9—1t >

Show
0 _1\¥
iy e (L) <
Use o)
-1 - g=1 __ 1 (6=-1)(o=1) 0 0o
Y, © = (QA_ (9_1))07014 kT 0o (9—1Mt
(e-1\ ¥
14+ 0 _ o—1 _ 1(8-1)(c—1) 0 69701
(M) r (014 — (0 — 1)) b—0c A k 0—c ﬁMt < 1
(6-1)o 2] 90(091130 o—1 _ 1(8—1)(o—1)
e (e R
g_l 1 -1
1SS 0\ 0T ire-(1-1) 5%
0—1
R W L4 (0-1o , (6-1)
z 71— +
(99 1>gl“w‘@-é>ﬁh T A (o) AR o
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Simplifying, the term in the first bracket is in fact 1 (the exponent is 0), so it becomes:

(0—1)(c—1)

(04— (0—1))¥F A% ore ¢ <1

o—1
((bA-(o-1)a~F)"" <1

As long as the power is positive (and, obviously, so is the term in brackets), it is therefore

sufficient to show that (4 — (6 — 1)) A% < 1. Since # > 1,k > 6 — 1 and, crucially, 4 < 1

-1
k

it can be shown by standard calculus that this inequality always holds. (Define J (4) = A

(0A — (# —1)). For the bracketed term to be positive, the relevant domain is A € (%, 1]. Over
this domain, J is globally concave since J"(A) = 9*71(9% - 1)/_1%*2 < 0. Because the endpoints
satisfy J(1) = 0 and J(%;2) > 0, global concavity guarantees J(A) > 0 strictly inside the interval.)

The exact same derivation—with opposite sign—shows that a monetary contraction improves
welfare with A > 1, i.e. in a TFP-driven expansion.

In the No-Entry NK model, the opposite holds. We can prove this using the expressions from
Section 2 (for the log-utility case, but easily generalizable), reproducing them here Y}V = 2 and
Ly = A% 2+ and evaluating utility starting from steady-state money balances 4= = 1; The change

in utility starting at A is

1
dUN _11 11 M\ 7 1 M;1\% 1 1 1\ _
:Y Ui—Lgoi—: _— = — 77_:1_ — h A 1
dM, t  po t po A, <P°> Po (POA P A A <Owhen A4 <

Conversely, utility increases with money when starting in a high-TFP (recession-inducing, in
the no-entry model) state.

As we recall from the left panel of Figure 1 and the discussion therein, a low TFP realization
triggers an expansion in that model, which is obtained by working more hours. Since an “envelope”
result applies to that model too for welfare, the effect on utility is unambiguously negative; but
since a monetary expansion increases output even further (with a further increase in hours), it

deteriorates welfare—this is why a contraction is in fact needed in the no-entry NK model.

C.2 Gap-closing expansionary monetary policy is not necessarily inflationary

In Figure C.1, we report the impulse responses to a 1% TFP fall. We first reproduce the two cases
in the benchmark panel b of Figure 2, and add a third line, corresponding to a policy that—instead

of following a Taylor rule—acts as though to close the output gap, which in our model is the same
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(to first order) as stabilizing wage inflation. This is represented with black dash-crosses. The main
points are that this is indeed an easing (the real rate goes down) but it does not translate into much
higher inflation because of the mechanism emphasized in text (the smaller fall in entry visible in
the respective panel keeps inflation in check). Nevertheless, an expansion larger than this one

would imply higher inflation (in both prices and wages).

Consumption=Output (C=Y) Output Gap 0 PPl inflation = Profits total
0 0 Py L h | | I L -
\~ ,—"———
: N,
1 05 ~ -2
0.2 . *
2f ——— Sticky r \\_\ 4
== 4= Output Gap=0 '*.__- b
3 —=== Flex ] a8 0"’""'53* 5
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Employment Markup p Real interest rate wrt = TFP shock
0 0 005/ <. 2 L
~.‘-~._
05 0 ;:;"
05 at 05
1 005! 2¥*
e
15 -1 0.1 -1
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 5 10 15 20
Output per firm y Number of entrants NEL; DNumber of producing firms N Productivity/Quality Cutoff q;
4 W E——— = ‘ - 03
3 1 1
0.2
2 2
"" 0.1
1 3¢ )
b-
0 4 0
0 5 10 15 20 0 5 10 15 20 20 0 5 10 15 20

Figure C.1: Effects of a 1% TFP fall: flexible (red dash) vs sticky price and wage (solid blue). Black
dash-crosses: gap-closing policy (zero wage inflation).
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