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Abstract

We construct a New Keynesian model with search-and-matching frictions in the labour market that
can generate the nonlinear ‘plucking’ dynamics of unemployment in the data: unemployment tends to
spike upwards and then slowly decline. The model features endogenous layoffs, a ‘slippery’ job ladder,
downward nominal wage rigidity, and convex recruiting costs. It generates both the ‘deepness’ and
‘steepness’ asymmetries in unemployment dynamics, and broadly matches the response of labour-
market flows in a downturn. The model endogeneously generates a Phillips curve relationship that
is strongly nonlinear and state-dependent, and a short-run non-accelerating rate of unemployment
(NAIRU) that fluctuates asymmetrically over the business cycle. We also show that cyclical properties
(e.g. shock volatility, nominal rigidities, policy regime) can have a significant effect on the long-run
NAIRU via agents’ precautionary response to future uncertainty.
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Figure 1: Unemployment rate in Australia

*Long-run NAIRU estimate from Ballantyne and Cusbert (2025).

1. Introduction

The unemployment rate in the data has strongly nonlinear dynamic (Figure 1). It spikes sharply in
occasional downturns, then declines slowly but persistently in recoveries.1 It is right-skewed in both
levels (i.e. asymmetric ‘deepness’) and in changes (i.e. asymmetric ‘steepness’) (Sichel 1993). Gross
flows between unemployment and employment display similar nonlinearities. Standard search-and-
matching models of the labour market struggle to generate these nonlinearities in unemployment
and labour-market flows (Ferraro 2023).

If this asymmetric pattern stems from frictions within the labour market, what implication do those
frictions have for the relationship between inflation and unemployment? Research using nonlinear
structural models to explore the asymmetric dynamics in the labour market tend to abstract from price
frictions and inflation dynamics (e.g. Dupraz, Nakamura and Steinsson 2025; Ferraro 2018; Petrosky-
Nadeau, Zhang and Kuehn 2018), while in the New Keynesian literature, the usual approach of
linearising equilibrium conditions excludes these nonlinear dynamics by assumption. The 2020s
inflation surge has reignited research into the nonlinearity of the Phillips curve, and the extent to which
this nonlinearity stems from frictions within the labour market (e.g. Benigno and Eggertsson 2023).
But this literature tends not to model the labour market in as much detail.

In this paper, we explore the extent to which a detailed search-and-matching model of the labour
market with pricing frictions can match the nonlinear dynamics in the labour market. We then use
the model to examine the implications of these nonlinearities for the Phillips curve relationship and
the non-accelerating rate of unemployment (NAIRU).

1 Friedman (1964) uses the ‘plucking’ description for the asymmetric way in which output seems to be occasionally ‘plucked’
below trend, before recovering back to trend.
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We start with a general-equilibrium search-and-matching model similar to Bloesch, Lee and
Weber (2024), in which firms post wages and vacancies and set prices (subject to nominal rigidities
and recruiting costs), and workers search (while unemployed and on the job) and decide whether to
accept and quit jobs. Policy steers aggregate demand to balance inflation and unemployment targets.
We extend this model to include endogenous layoffs, downward nominal wage rigidity, and a ‘slippery’
job ladder (drawing on Dupraz et al (2025)).2 We find that these features - together with convex
recruiting costs - are collectively key to achieving both the asymmetric spikes in unemployment when
shocks occur and the slow speed in the subsequent recovery. The model is sufficiently detailed to
broadly match the dynamics of unemployment and gross flows, but tractable enough that we can
obtain the global nonlinear solution with rational expectations and aggregate uncertainty. This is
important because agents’ precautionary response to future uncertainty is a significant determinant
of outcomes, especially the long-run NAIRU.

We show that the model can generate substantial asymmetry in both ‘deepness’ and ‘steepness’
(comparable to or greater than in the data). The response of unemployment, job-finding, and
separations after a stylised negative demand shock broadly matches the response of these variables in
downturns over the past 50 years. Aggregate demand shocks have an especially asymmetric effect,
because the effect on inflation amplifies the effect of the downward nominal wage rigidity. When
supply shocks occur, the inflation response somewhat eases the downward nominal wage constraint.

The model endogenously generates a Phillips curve relationship that is strongly nonlinear and state-
dependent. Conditional on some initial state of the economy, the Phillips curve is much steeper for
low rates of unemployment. When the initial unemployment rate is higher, the Phillips curve shifts to
the right, and when the initial level of real wages is higher, it shifts upwards.

We can also use the model to simulate a ‘short-run NAIRU’, which is the unemployment rate consistent
with eliminating inflationary pressure from the labour market at some cyclical horizon (e.g. 1-2 years).
This short-run NAIRU varies asymmetrically with the state of the economy. It tends to rise when
unemployment is high, but also when unemployment has fallen rapidly (because real wages increase).

Finally, we can use the ‘stochastic steady state’ of the model to explore the determinants of the long-
run NAIRU, i.e. the unemployment rate consistent with stable inflation in the absence of shocks (but
where agents still expect that shocks may occur in the future). We find that when firms account for
the interaction between aggregate risk and asymmetric wage adjustment costs in their wage-setting
decisions, it generates a trade-off between unemployment variance and steady-state unemployment.
For example, if policy places greater weight on reducing the gap between unemployment and the
long-run NAIRU (instead of the gap between inflation and target), it tends to increase the long-run
NAIRU. This is because by mitigating fluctuations in labour demand, policy reduces the risk of hitting
downward nominal wage rigidities. Firms are then more willing to set higher real wages in steady
state, which reduces the optimal amount of employment in steady state.

The remainder of this introduction discusses the literature. Section 2 outlines the model. Section 3
evaluates the extent to which it can match the nonlinear dynamics in labour-market data. Section 4
considers the implications for the Phillips curve and NAIRU.

2 By ‘slippery’ job ladder, we mean that workers recently hired out of unemployed are much more likely to be laid off.
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Literature review. The cyclical asymmetries in unemployment are established empirically by e.g.
Sichel (1993), McKay and Reis (2008), and Dupraz et al (2025). Ferraro (2023) analyses the ability of
the baseline Diamond-Mortensen-Pissarides (DMP) model to produce these asymmetries, and finds
that it cannot generate the ‘steepness’ asymmetry (i.e. right-skewness in unemployment changes).
Petrosky-Nadeau et al (2018) finds that the DMP model can generate the ‘deepness’ asymmetry given
large enough shocks.

Dupraz et al (2025) and Ferraro (2018) propose search-and-matching models that can generate
sharp spikes and slow declines in unemployment. We take several features from Dupraz et al (2025),
including downward nominal wage rigidity and a ‘slippery’ job ladder. Pizzinelli, Theodoridis and
Zanetti (2020) explore the state-dependence of unemployment fluctuations in a model with
endogenous layoffs and on-the-job search.3 Adjemian, Karamé and Langot (2021) estimate a
nonlinear model with endogenous separations, downward wage rigidity, worker heterogeneity and
segmented markets, and show that it can generate similar asymmetries in unemployment, hiring,
and separations to the data.

Our definition of a ‘short-run NAIRU’ is similar to the concept discussed by Hall and Kudlyak (n.d.), who
argue that the natural rate of unemployment may vary cyclically and track the actual unemployment
rate during recoveries. Hall and Kudlyak (2022) discusses the ability of DMP-style models to generate
the slow persistent recovery in unemployment that occurs after recessions. Fujita and Ramey (2007)
show that adding vacancy adjustment costs to a DMP model can produce a more sluggish response
for vacancies and hiring after a downturn, slowing down the recovery in unemployment. Mercan,
Schoefer and Sedláček (2024) suggest a congestion mechanism, whereby new hires and incumbent
workers are imperfect substitutes in production, which also propagates unemployment after a shock.

This literature above generally abstracts from price rigidities and inflation dynamics. There is a
substantial literature incorporating labour-market frictions into New Keynesian models (see e.g.
Blanchard and Galí 2010). Recent examples include Moscarini and Postel-Vinay (2023), Faccini and
Melosi (2025), and Bloesch et al (2024). These papers focus on the role of on-the-job search and wage
competition between firms in inflation dynamics. We adopt a similar model for wage setting, drawing
on the tractable formulation in Bloesch et al (2024). But these papers use linear approximations.

The literature on downward nominal wage rigidity explores the extent to which it generates a
nonlinear Phillips curve and asymmetric cyclical dynamics (see e.g. Kim and Ruge-Murcia 2009;
Abbritti and Fahr 2013; Daly and Hobijn 2014; Benigno and Antonio Ricci 2011; Schmitt-Grohé
and Uribe 2022; Benigno and Eggertsson 2023; Benigno and Eggertsson 2024). Lepetit (2020)
also constructs a New Keynesian model with asymmetric unemployment dynamics, although the
asymmetry stems from the convex relationship between the job-finding rate and unemployment.
This literature does not model the labour market in as much detail (e.g. endogenous layoffs, on-the-
job search, job ladder) and does not seek to match the ‘plucking’ property in unemployment to the
same extent.

3 Fujita and Ramey (2012) also analyse versions of the DMP model with endogenous separations and on-the-job search,
but their focus is not on asymmetries in unemployment rate dynamics



4

2. Model

The model consists of firms, workers, and a policy rule. We start by outlining the firms’ problem
and optimal choices. Firms’ optimal decision-making drives most of the model’s mechanics. We then
discuss workers and the policy regime, which are modelled more simply. 5 contains a full list of
equilibrium conditions, as well as details of the calibration and solution method.

2.1 Firms

Firms make decisions around hiring, separations, and price- and wage-setting.

Hiring: Firms choose how many vacancies to post,V i
t . These vacancies generate Mi

t = qtV
i

t matches,
where qt is determined by a matching function and depends on aggregate matching efficiency and
labour market tightness. A proportion 1−ϕ E

t of these matches are unemployed searchers (where ϕ E
t

is the share of unemployed searchers in total searchers, weighted by search intensity).

Firms must screen matches. Then the individual productivities of employed matches are revealed.
Firms make offers to those with productivities above some threshold xi

t , which is 1−F i
t of them (where

F i
t = F(xi

t) and F is the CDF of the individual productivity distribution). For unemployed matches,
firms have no information about their individual productivity and make offers to all of them. This
feature proxies for the idea that firms may be more uncertain about the capabilities of unemployed
applicants.

Matches with offers choose whether to accept them; Ace
t (W

i
t ) and employed matches and Acu

t (W
i

t )

of unemployed matches do so, where W i
t is the real wage paid by the firm. These job-acceptance

probabilities are characterised in the description of workers below.

The number of new hires is given by

H i
t = ϕ E

t Mi
t (1−F i

t )Ace
t (W

i
t )+(1−ϕ E

t )Mi
t Acu

t (W
i

t ).

Define H i,u
t = (1−ϕ E

t )Mi
t Acu

t (W
i

t ) as the number of hires from unemployment.

Recruiting costs include a per-vacancy cost and a per-match ‘screening’ cost:

C
(

V i
t ,M

i
t , Ñ

i
t−1

)
= κv

(
V i

t

Ñi
t−1

)χ

V i
t +κ

(
Mi

t

Ñi
t−1

)χ

Mi
t

where Ñt−1 is the number of existing employees when aggregate shocks are revealed, and is defined
below. The parameter χ determines the convexity of recruiting costs.

Separations: There are two types of separation: quits and layoffs. Each period, Qt(W
i

t ) of firms’
existing employees quit (either to unemployment or to another job). Just as firms’ hiring rate is
increasing in the real wage they offer (via the job-acceptance probabilities Ace

t (W
i

t ) and Acu
t (W

i
t )),

their quits rate is decreasing in the real wage by the firm. This function is characterised in the section
below on workers.

Workers’ probability of being laid off depends on whether they are insecurely or securely attached.
Insecurely attached employees are all those who have just been hired out of unemployed in
the previous period. Before aggregate shocks are revealed, some portion of new hires from
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unemployment, δ u, (i.e. who were hired the previous period), draw a new productivity from
distribution G. Those whose productivities are less than some threshold xi,m

t−1 are laid off, which
is Gi

t−1 of them (where Gi
t = G(xi,m

t−1) and G is the CDF of the distribution).4 All insecurely attached
employees who are not laid off then because securely attached (together with all those who have
been employed for more than one period).

After aggregate shocks are revealed and quitting decisions made, δ of securely attached employees
draw a new individual productivity. Firms then decide to lay off those whose productivities are less
than some threshold xi

t , which is F i
t of them (where F i

t = F(xi
t) and F is the CDF of the individual

productivity distribution). The layoff probability for securely attached employees will be lower than
for insecurely attached employees both because δ < δ u and the distribution F has less mass at low
values than G.

The number of employees when shocks are revealed (which is a state variable for period t decisions)
is

Ñi
t−1 = Ni

t−1 −Gi,u
t−1δ uH i,u

t−1

and the number of employees who work at the firm in period t is

Ni
t = H i

t +
(

1−Qt(W
i

t )− (1−Qt(W
i

t ))δF i
t

)
Ñi

t−1.

The number of ‘productivity units’ (i.e. employees weighted by individual productivities) when shocks
are revealed and after hiring and separations decisions are made are

L̃i
t−1 = Li

t−1 +δ uH i,u
t−1

(
(1−Gi,u

t−1)x
i,a,m
t−1 − xi,a,u

t−1

)
Li

t =
(

Ni
t − (1−Qt(W

i
t ))(1−δ )Ñi

t−1 −H i,u
t

)
xi,a

t +H i,u
t xi,a,u

t +(1−Qt(W
i

t ))(1−δ )L̃i
t−1.

where

xi,a
t =

1

1−F i
t

∫ xh

xi
t

xdF(x)

xi,a,u
t =

∫ xh

0
xdFu(x)

xi,a,m
t =

1

1−Gi
t

∫ xh

xi,m
t

xdG(x)

are average individual productivities conditional on being hired and not being laid off.

Production: Firms’ production function is Y i
t = AtL

i
t .

Price and wage-setting: Firms set a (real) price Pi
t subject to the demand schedule Y i

t = Pi
t
−θ

Yt

and price-adjustment costs YtΦ(Πi
t), where Πi

t =
Pi

t
Pi

t−1
Πt is nominal price growth.

4 Note on timing: These layoffs have to occur before the revelation of new shocks, otherwise the number of hires from
unemployment becomes a state variable. The t − 1 subscript reflects this timing assumption. The state variables Ñt−1
and L̃t−1 for period t incorporate these layoffs and productivity draws that occurred before the shocks are realised. But
since these people worked last period, the layoffs are counted in this period.
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Firms set a (real) wage W i
t subject to their labour supply schedule - which is affected by W i

t via
the offer-acceptance functions Ace

t (W
i

t ) and Acu
t (W

i
t ) and the quits function Qt(W

i
t ) - and wage-

adjustment costs WtNtΨ(ΠW
t

i
), where ΠW

t
i
=

W i
t

W i
t−1

ΠW
t is nominal wage growth. We assume that

this real wage is the same for all the firms’ securely attached employees, and insecurely attached
employees are paid a discounted real wage W i

t − ξ .5 For simplicity, we assume that the discount ξ
is fixed.

Optimal choices:

Firms maximise

IE0

∞∑
t=0

β t
{

Pi
t Y

i
t −Φ(Πi

t)Yt −W i
t (N

i
t −H i,u

t )− (W i
t −ξ )H i,u

t −Ψ(ΠW i

t )WtNt −C
(

V i
t ,M

i
t , Ñ

i
t−1

)}
subject to:

Y i
t = Pi

t
−θ

Yt

Y i
t = AtL

i
t

Ni
t = H i

t +
(

1−Qt(W
i

t )− (1−Qt(W
i

t ))δF i
t

)
Ñi

t−1

Ñi
t = Ni

t −Gi,u
t δ uH i,u

t

Li
t =
(

Ni
t − (1−Qt(W

i
t ))(1−δ )Ñi

t−1 −H i,u
t

)
xi,a

t +H i,u
t xi,a,u

t +(1−Qt(W
i

t ))(1−δ )L̃i
t−1

L̃i
t = Li

t +δ uH i,u
t

(
(1−Gi,u

t )xi,a,m
t − xi,a,u

t

)
H i

t = H i,e
t +H i,u

t

H i,e
t = ϕ E

t Mi
t (1−F i

t )Ace
t (W

i
t )

H i,u
t = (1−ϕ E

t )Mi
t Acu

t (W
i

t )

Mi
t = qtV

i
t .

We assume a symmetric equilibrium and drop the i superscripts for simpler notation.

Nt, Lt, Ñt, L̃t: Taking first-order conditions for these variables gives

λ N
t = λ L

t xa
t −Wt +λ Ñ

t

λ Ñ
t = β IEt(1−St+1)λ

N
t+1 −β (1−δ )IEt(1−Qt+1)λ

L
t+1xa

t+1 −β IEtCÑ,t+1

λ L
t = Atλ

Y
t +λ L̃

t

λ L̃
t = β (1−δ )IEt(1−Qt+1)λ

L
t+1

where λ N
t is the value of an additional securely-attached employee (with the average productivity of

employed hires that period, xa
t ) and λ L

t is the value of improving the productivity of current employees.
The multiplier λ N

t is the marginal revenue from an additional unit of output, net of marginal price
adjustment costs (i.e. it is real marginal cost). The separation rate St is defined below.

5 This discount is necessary so that firms still want to hire out of unemployed, even though the layoff rate for insecurely
attached employees is high (so the expected duration of the match is low). Otherwise, the expected value of insecurely
attached employees is negative in steady state.
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The value of a hire depends on marginal revenue product Atλ
Y
t xa

t , minus the real wage Wt , plus the
continuation value λ L̃

t xa
t +λ Ñ

t . The continuation value depends on the expected separation probability
St+1, the expected value of employees next period λt+1 (adjusted to account for the expected future
idiosyncratic productivity of current hires), and the marginal reduction in recruiting costs next period
from additional employees this period CÑ,t+1.

Ht, He
t and Hu

t : Taking first-order conditions with respect Ht , He
t and Hu

t gives

λ He

t = λ N
t

λ Hu

t = λ N
t +ξ −Gu

t δ uλ Ñ
t +(xa,u

t − xa
t )λ

L
t +δ u((1−Gu

t )x
a,m
t − xa,u

t )λ L̃
t .

where λ j
t are Lagrange multipliers. The value of hires out of unemployment differs from λ N

t because
their wages are ξ lower, but they have a higher layoff probability and different average idiosyncratic
productivities.

xt, xu
t , xm

t : Taking the first-order condition with respect to these thresholds gives

λ N
t +λ L

t (xt − xa
t ) = 0

λ Hu

t +(λ L
t −δ uλ L̃

t )(x
u
t − xa,u

t ) = 0

λ Ñ
t +λ L̃

t xm
t = 0

These equations just define the thresholds as the idiosyncratic productivity value such that the
expected present value of a securely attached employee, an unemployed match, and insecurely
attached employee with those productivity are zero.

Mt and Vt: Taking first-order conditions with respect to Mt and Vt gives
CV,t

qt
+CM,t = ϕ E

t (1−Ft)Ace
t λ He

t +(1−ϕ E
t )(1−Fu

t )Acu
t λ Hu

t .

The left-hand side is the marginal recruiting cost of generating and screening a match. The right-
hand side is the expected present discounted value of a match. It depends on the probability that the
match is employed or unemployed, the probability that the match generates a hire, and the expected
present discounted value of a hire.

Wt: Taking the first-order condition with respect to the wage gives the wage Phillips curve(
1+Ψ′

tΠ
W
t

(
1− ξ

Wt

Hu
t

Nt

))
Nt = β IEtΨ

′
t+1ΠW

t+1
Wt+1

Wt

(
1− ξ

Wt+1

Hu
t+1

Nt+1

)
Nt+1 + εHe

t He
t

λ N
t

Wt
+ εHu

t Hu
t

λ Hu

t

Wt

− εQ
t Qt(1−δFt)Ñt−1

λ N
t

Wt
+ εQ

t Qt(1−δ )Ñt−1(x
a
t −

L̃t−1

Ñt−1
)
λ L

t

Wt

where we define the hiring and quits elasticities

εHe

t ≡ ∂He
t

∂Wt

Wt

He
t

εHu

t ≡ ∂Hu
t

∂Wt

Wt

Hu
t

εQ
t ≡

∂QtNt−1

∂Wt

Wt

QtNt−1
.
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and

Ψt =
ϕ w(Πw

t )

2
(
Πw

t −Πw)2

Ψ′
t = ϕ w(Πw

t )
(
Πw

t −Πw) .
If wage stickiness is symmetric, then ϕ w(Πw

t ) = ϕ w is constant. If it is asymmetric, then ϕ w(Πw
t ) is

a decreasing function.

Note that firms’ optimal real wage (in the absence of wage adjustment costs) is

W ∗
t = εHe

t
He

t

Nt
λ N

t + εHu

t
Hu

t

Nt
λ Hu

t − εQ
t

Qt(1−δFt)Ñt−1

Nt
λ N

t + εQ
t

Qt(1−δ )Ñt−1

Nt
(xa

t −
L̃t−1

Ñt−1
)λ L

t .

It depends on the elasticities of hires and quits with respect to the wage, the rate of hires and quits
as a share of employment, and the value of hires and employees. The final term is an adjustment
to account for differences in average idiosyncratic productivity between existing employees and new
hires.

Given nominal wage adjustment costs, nominal wages growth is determined by expected nominal
wages growth and the gap between this optimal real wage and firms’ actual real wage.

Pt and Yt: Taking first-order conditions for these variables gives

1+
1

θ −1
Φ′

tΠt = β
1

θ −1
IEtΦ

′
t+1Πt+1

Yt+1

Yt
+

θ
θ −1

λY
t

where

Φt =
ϕ p

2
(Πt −Π)2

Φ′
t = ϕ p (Πt −Π) .

This is a standard New Keynesian price Phillips curve.

2.2 Workers

All workers who are unemployed when shocks are revealed search for jobs. A share λ EE of employed
workers also search. The total number of searchers is then λ EEÑt−1 + 1− Ñt−1, and the effective
share of employed searchers is

ϕ E
t =

λ EEÑt−1

λ EEÑt−1 +1− Ñt−1
.

Those who enter unemployment after shocks are revealed, either because they are laid off or because
they quit to unemployment, do not search in that period.6

A share λ EU of employed workers consider quitting to unemployment.

6 This means that even if hiring costs went to zero, unemployment would remain above zero. If the newly unemployed
were allowed to search, this would raise the average number of searchers, especially in periods where layoffs are high.
Workers hired last period who are laid off before shocks are revealed can search. This is to avoid Hu

t−1 or Nt−1 being a
state variable.
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Workers’ only role in the model is to determine the labour supply schedule faced by firms. They do so
by determining the hiring and quits elasticities εHe

t , εHu

t and εQ
t via the functions Ace

t (Wt), Acu
t (Wt)

and Q(Wt).

Workers draw an idiosyncratic preferences for firms when they match, which they compare to any
wage differential. These preferences are drawn from a Gumbel distribution with parameter γ. If a
firm pays wage Wt , then the probability that a worker prefers a different firm that has made them an
offer is

∫ wγ

wγ
+W γ

t
dµt(w) where µt(w) is the distribution of wages offered by firms.7

Unemployment benefits are bt = bWt , where Wt is the aggregate wage.8 If a firm pays wage Wt , then
the probability that a worker considering unemployment prefers it is bγ

t
bγ

t +W γ
t
.

Therefore the quits rate and elasticity are

Q(Wt) = λ EE ft(1−Ft)

∫
wγ

wγ +W γ
t

dµv
t (w)+λ EU bγ

t

bγ
t +W γ

t

Qt = λ EE ft(1−Ft)
1
2
+λ EU bγ

bγ +1

εQ
t =−γ

λ EE ft(1−Ft)
1
4 +λ EU γbγ

(bγ
+1)2

λ EE ft(1−Ft)
1
2 +λ EU bγ

bγ
+1

where ft is the matching-finding rate, which is determined by aggregate matching efficiency and
labour market tightness.

The hiring rates and elasticities are

He
t (Wt) = ϕ E

t Mt(1−Ft)

∫
W γ

t

wγ +W γ
t

dµt(w)

He
t = ϕ E

t
1
2
(1−Ft)qtVt

εHe

t = γ
1
2

Hu
t (Wt) = (1−ϕ E

t )Mt(1−Fu
t )

W γ
t

bγ
t +W γ

t

Hu
t = (1−ϕ E

t )
1

bγ +1
(1−Fu

t )qtVt

εHu

t = γ
bγ

bγ +1
.

7 As in Bloesch et al (2024), workers are myopic and only consider current-period real wages. Bloesch et al (2024)
suggest that modelling more forward-looking workers adds considerable complexity without little change in the results.
This probability also implies that employees redraw preferences for their current employer every time they match with
another firm. Otherwise, their preference for their current employer should be higher on average (given they chose to
work there).

8 The assumption that unemployment benefits track real wages, which is the same as in Bloesch et al (2024), means that
there is no labour supply response at an aggregate level to shocks. The offer-acceptance rate for unemployed applicants
and the quit-to-unemployment rate are both constant. If this assumption was relaxed, then we could model the labour
supply response to shocks (and consider the effect of labour supply shocks).
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2.3 Policy and aggregate variables

Labour market tightness: Tightness is

θt =
Vt

λ EEÑt−1 +1− Ñt−1
.

Using the DRW matching function gives match-finding and vacancy-matching rates

ft = (1+θ−α
t )−

1
α

qt = (1+θ α
t )−

1
α .

Monetary policy: Policy tries to implement a flexible inflation target, but is subject to various shocks
(e.g. it cannot fully offset all demand shocks immediately). Therefore:

lnΠt − lnΠtarget + γ p (Nt −Ntarget)= lnMt

where Mt is an exogenous nominal demand shock.

2.4 Equilibrium, solution and calibration

We assume that firms have rational expectations, which implies that they understand the interaction
between nonlinearities in the economy and aggregate risk when forming their expectations. This
means, for example, that in the presence of downward nominal wage rigidity, firms will set lower
wages even in steady state, given the risk that it will be very costly for them to reduce wages if
negative shocks occur in the future.

We compute the global solution to the nonlinear model, so that we can explore how the interaction
between nonlinearities and aggregate risk affects expectations and dynamics. The state variables are
employment Ñt−1 (after insecurely attached employees are laid off), real wages Wt−1, the average
idiosyncratic productivity of employees x̄t−1, and the aggregate productivity and demand shocks, At
and Mt .

The model is calibrated so that steady-state values for unemployment and key labour-market flows
are broadly similar to their values Australian data around 2025, as well as to match the standard
deviation of the unemployment rate over 1980 to 2019 and generate a similar positive skewness of
unemployment rate changes.

See Appendix 5 for more detail on the calibration and solution method.

3. How well can we match the dynamics of the labour market in the data?

3.1 Comparing the model to labour-market dynamics in the data

In this section, we compare the dynamics of unemployment and labour-market flows in the model
to Australian data. Figure 2 illustrates the path of transition rates and flows between labour-market
states in Australia since 1980. It shows that the UE rate is negative correlated with unemployment,
even though UE flows (as a proportion of the labour force) are positively correlated. UE flows increase
when the pool of unemployed is larger, but this increase is not enough for the UE rate to increase.
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Figure 2: Labour-market transition rates and flows in Australia

Note: The UE and EU flows in the data are divided by the labour force size to make them comparable to
the model flows. The shaded regions represent contractions, which are identified using the algorithm in
Dupraz et al (2025).

Figure 3: Comparing recessions in the model and the data

Note: The UE and EU flows in the data are divided by the labour force size to make them comparable to the model
flows.

The figure also shows that the EU rate and EU flows are postively correlated with unemployment,
and the EE rate (i.e. job-to-job transition rate) is negatively correlated (at a cyclical frequency).

Figure 3 compares a stylised recession in our model to recessions in the data since 1980.9 The model
downturn is generated with a sequence of six demand shocks (over six months) calibrated to produce
a similar path for unemployment to the downturns in the data. The paths for transition rates and
flows from the model are broadly similar to the data. In particular, the UE rate falls while UE flows
increase, and the magnitude of all responses is comparable to the data.

9 We exclude the 2010-14 and 2022-25 upswings because they involved a gradual increase in unemployment rather than
a spike.
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Next, we consider whether our model can reproduce the ‘plucking’ or asymmetric ‘sharp spike’ and
‘slow decline’ patterns we see in the unemployment rate data. One measure of this pattern is the
skewness of unemployment rate changes. In the data, this moment is quite positive, reflecting
frequent small decreases and occasional large increases (Table 1) (Sichel (1993) called this a
‘steepness’ asymmetry). Standard search-and-matching models tend to generate negative skewness
in unemployment changes (Ferraro 2023). In contrast, under the current calibration, simulations of
our model generate a substantially positive skewness of unemployment rate changes, although not
quite as large as in the data.

We can also compare other moments of the unemployment rate and moments of the unemployment-
to-employment (UE) and employment-to-unemployment (EU) transition rates in our model to the
data. The model generates somewhat higher variance and negative skewness in the UE rate, whereas
the UE rate is positively skewed in Australian data over this sample period. In US data, the UE rate
has higher variance and is negatively skewed (see Appendix A.3). The model matches the variance
and skewness of the EU rate well, but generates more skewness in changes in the EU rate than in
the data.

Table 1: Comparing moments of quarterly unemployment and transition rates
Unemployment rate UE rate EU rate
Model Data Model Data Model Data

Standard deviation 1.46 1.56 3.22 2.42 0.19 0.19
Skewness 1.12 0.59 -0.38 0.40 0.52 0.57
Skewness of changes 1.37 1.71 -0.74 -0.62 2.02 0.69
Notes: These moments use Australian data from 1980 to 2019, detrended using estimates from Ballantyne and Cusbert (2025). See

Appendix A.3 for moments using undetrended data and using US data.

3.2 Explaining the model’s dynamics

The IRFs in Figure 4 demonstrate why we can match these moments. The responses are
strongly nonlinear. Large negative shocks generate a large increase in the unemployment rate
(disproportionately more than small negative shocks), whereas positive shocks do not reduce it very
much. Unemployment recovers very slowly after an initial spike.

To explore why the model is able to generate these asymmetric dynamics, Table 2 compares the
model’s moments when three key frictions are removed, either one at a time or all together. First, the
downward nominal wage rigidity is removed by making wage adjustment costs symmetric. The next
column removes insecurely attached workers, so that all workers have the same layoff rate. The next
column removes convexity in recruiting costs, making them (almost) linear. The final column removes
all three frictions. In each case, we recalibrate the model so that it generates the same steady-state
unemployment rate and flows, and the same variance in unemployment. Figure 5 compares the
response of each version of the model to positive and negative demand shocks.

When all three frictions are removed (the last column in Table 2), the degree of asymmetry
declines and the skewness of unemployment rate changes is much lower. Unlike the standard DMP
model (Ferraro 2023), the skewness of unemployment changes remains positive, likely because
layoffs are still endogenous, which generates some asymmetry. Figure 5 shows that unemployment
recovers more rapidly, especially the UE rate. The value of a match is a forward-looking object,
determined largely by expected future surplus, and therefore rises quickly after the shock peaks.
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Figure 4: Response to aggregate demand shocks

Note: The economy is initially at steady state.

When unemployment is high, the vacancy-filling rate is also high, so marginal recruiting costs fall.
Unemployed searchers make up a much larger proportion of total searchers, so for a given amount
of hiring, hires out of unemployment are higher.

Table 2: Moments for different versions of model
Data Model Insecurely

attached
workers +
convex

recruiting
costs

DNWR +
convex

recruiting
costs

DNWR +
insecurely
attached
workers

None

Unemployment rate
Standard deviation 1.56 1.44 1.45 1.47 1.46 1.47
Skewness 0.59 1.10 0.87 0.96 1.02 0.66
Skewness of changes 1.71 1.30 1.15 0.25 0.84 0.11
UE rate
Standard deviation 2.42 3.25 3.78 1.70 5.55 1.97
Skewness 0.40 -0.35 -0.15 -0.60 -0.14 -0.04
Skewness of changes -0.62 -0.71 -0.65 -0.12 -0.14 -0.01
EU rate
Standard deviation 0.19 0.18 0.19 0.33 0.20 0.39
Skewness 0.57 0.48 0.23 0.81 0.86 0.62
Skewness of changes 0.69 1.97 1.75 -0.07 0.67 0.02
Notes: The ‘Data’ column is based on detrended Australian data from 1980 to 2019. The ‘Model’ column includes all three frictions. The

next three columns remove one friction at a time. The last column removes all three frictions. See Table B2 for moments where
each friction is included on its own.

Below we explain the effect of each of the three frictions:10
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• Convex recruiting costs: The convexity of recruiting costs moderates the response of hiring
to fluctuations in match value. Without this convexity, hiring responds much more to fluctuations
in match value, so the UE rate is too volatile (see the fifth column in Table 2 and the yellow lines
in Figure 5). After a negative shock, UE flows initially decline over the first year and the EU rate
is near steady state shortly after the initial spike. This reduces the skewness in unemployment
rate changes.

• Insecurely attached workers: The presence of insecurely attached workers is the most
significant contributor to the skewness in unemployment rate changes (see the fourth column in
Table 2 and the red lines in Figure 5). It does so in two ways. First, the layoff rate for securely
attached employees provides a highly nonlinear component to the EU rate. In steady state, very
few securely attached employees are laid off and the mass of employees near the layoff threshold
is small. Therefore, layoffs vary little for positive or small negative shocks. But when large negative
shocks occur, the mass of employees above the layoff threshold is much larger, so there is a
spike in layoffs. This helps generates asymmetric spikes in unemployment, although it does not
generate persistence in the EU rate once match values recover.11 But this is where the insecurely
attached component of layoffs helps. Their layoff rate is much higher, so when unemployment is
high and the flow of hires out of unemployment rises above steady state, the layoff rate also rises.
The unemployed may cycle through several short-term jobs before regaining secure employment.
This feature substantially slows the recovery in unemployment and helps generate persistence
and skewness in the EU rate.

• Asymmetric nominal wage stickiness: After a positive shock, nominal and real wages growth
increases, offsetting a lot of the increase in marginal revenue product. This moderates and
shortens the increase in match values for firms, dampening the incentive to increase employment
or any reduction in layoffs. In contrast, after a negative shock nominal wages growth does
not decrease very much. In the case of a negative demand shock, real wages growth actually
increases (due to the decline in inflation). This both amplifies and prolongs the decline in match
values for firms, which helps to generate both the asymmetric plucks and the slow recoveries in
unemployment (see the third column in Table 2 and the blue lines in Figure 5).

4. Phillips curve and NAIRU

4.1 Nonlinear Phillips curve

The model implies that the relationship between inflation and unemployment (i.e. the Phillips
curve) is nonlinear and state-dependent. Figures 6 and 7 show this relationship by plotting inflation
against unemployment conditional on different initial values for unemployment or real wages.12 The
Phillips curve is much steeper at low rates of unemployment, but this steepening occurs at higher

10 Dupraz et al (2025) also include insecurely attached workers and downward nominal wage rigidities to generate
asymmetry in unemployment dynamics.

11 The layoff rate for securely attached employees moves contemporaneously with match values, and is therefore only as
persistent as match values.

12 Specifically, we vary the policy/demand shock variable and plot the maximum deviation of inflation from target against
the unemployment rate for each value of this shock. This accounts for the dynamic relationship between inflation and
unemployment in the model, which is largely not contemporaneous. The peak unemployment response tends to be
quite lagged, because the model includes many labour-market frictions, but inflation responds very rapidly, because
expectations are forward-looking and based on full information. Introducing features like indexation, backward-looking
expectations, inattention or imperfect information could slow the inflation response.
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Figure 5: Response to aggregate demand shocks with different versions of model

Note: There are two shocks for each model: the largest positive and largest negative shocks from Figure 4. The
economy is initially at steady state.

Figure 6: Phillips curve given initial unemployment

Note: The Phillips curves are constructed by varying the demand shock and plotting the inflation and
unemployment outcomes that it traces out. The dashed vertical line is steady-state unemployment.

unemployment rates when the initial unemployment rate is higher. When the initial level of real wages
is higher, the Phillips curve shifts upwards.

4.2 Short-run NAIRU

Figures 6 and 7 show that the unemployment rate consistent with maintaining inflation at target
(i.e. the intersection of the Phillips curves with the x-axis) is state-dependent. At steady state, it is
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Figure 7: Phillips curve given initial level of real wages

Note: The Phillips curves are constructed by varying the demand shock and plotting the inflation and
unemployment outcomes that it traces out. The dashed vertical line is steady-state unemployment.

4.5 percent under our calibration of the model. But if unemployment or real wages increase, then
the Phillips curve shifts and the one-year-ahead unemployment forecast consistent with at-target
inflation increases.

We can therefore construct a ‘short-run NAIRU’ concept in our model. We define it as follows: if
policymakers wanted to eliminate any deviations in inflation from target stemming excessive or
insufficient demand in the labour market, what unemployment rate at a one-year horizon would
be required? This is essentially the intercept with the x-axis in Figures 6 and 7. At steady state, it
coincides with the long-run NIARU (i.e. the intersection of the steady-state Phillips curve in black
with the x-axis).

Figure 8 uses the model to calculate the historical path of the ‘short-run NAIRU’ in Australia from
1980 to 2025. It is calculated by: (i) calculating the sequence of demand shocks that in our model
replicates the historical path of the unemployment rate;13 (ii) using the model to simulate the inflation
generated by this sequence of demand shocks, which we define as the ‘labour-market’ component of
inflation;14 (iii) given the state of the economy in each period, calculating the sequence of demand
shocks consistent with forecast inflation being at target; and (iv) calculating the the one-year-ahead
forecast for the unemployment rate given that sequence of shocks and defining it as as the ‘one-
year-ahead NAIRU’ for that period.15

13 For simplicity, we are assuming that historical unemployment has been driven by only demand shocks. It is likely that
other shocks also drove some of the variation in the unemployment rate.

14 This simulated inflation series is in Figure B1.

15We are ignoring here potential interactions between supply-driven inflation and the labour market. For example, an
inflationary supply shock might make it easier to reduce real wages, allowing the labour-market-driven component of
inflation to fall without as much of an increase in unemployment.
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Figure 8: Short-run NAIRU

Note: The long-run NAIRU estimate is from Ballantyne and Cusbert (2025).

Figure 8 shows that the short-run NAIRU varies cyclically much more than the long-run NAIRU.16

When unemployment is above trend, the short-run NAIRU tends to increase and track the actual
unemployment rate. But there is some asymmetry: in the pre-GFC period when unemployment fell
below trend, the short-run NAIRU did not decline. In the recent period, the short-run NAIRU was
above the long-run NAIRU, even though actual unemployment was below it. In a tight labour market,
unemployment declines, which shifts the Phillips curve to the left, but real wages rise, which shifts
the Phillips curve up. The effect on the short-run NAIRU is ambiguous.

4.3 Long-run NAIRU

Although the dynamics of the model describe only cyclical fluctuations in unemployment, the model’s
long-run properties can be used to consider the determinants of the long-run NAIRU (i.e. the NAIRU
concept that is most commonly estimated by central banks using latent-variable models with a unit-
root NAIRU process, e.g. (Ballantyne and Cusbert 2025)).

The deterministic steady-state unemployment rate in the model is determined by parameters such
as recruiting costs, on-the-job search effort, and firms’ labour market monopsony power determine
the long-run NAIRU in the model. But this concept is not exactly analogous to the long-run NAIRU,
because it assumes that agents believe there will be no shocks in the future. The long-run NAIRU
is instead the stochastic steady-state unemployment rate, which is the unemployment rate in the
absence of shocks but assuming agents still believe shocks will occur in the future according to their
specified distribution.

Since we compute the global nonlinear solution to the model with rational expectations and aggregate
risk, we can consider how changes in cyclical properties of the model (e.g. shock volatility, price and

16 Hall and Kudlyak (n.d.) also discuss the concept of a short-run NAIRU that fluctuates cyclically.
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Figure 9: Effect of parameters on the long-run NAIRU

Note: The dashed vertical line represents the calibration in the baseline model.

wage stickiness, monetary policy) affect the long-run NAIRU via agents’ response to expectations
and risk. Figure 9 shows how the long-run NAIRU changes when certain parameters are varied.

Increasing the weight on unemployment in the policy rule increases the long-run NAIRU. This may
reflect a kind of level-variance trade off: if policy stabilises labour demand to a greater extent, the
downward nominal wage rigidity will bind less often. Firms understand this decline in the risk of
incurring wage adjustment costs in the future, and are therefore more willing to set higher real
wages in steady state, which reduces match values and raises the level of unemployment in steady
state.

Increases in the stickiness of wages or prices also increases the long-run NAIRU. If firms are less
able to raise wages in response to positive shocks, they will set higher real wages in steady state,
which increases steady-state unemployment. If prices are stickier, then nominal wages do not need
to decline as much in response to negative demand shocks, which means that downward nominal
wage rigidities bind less often. Again, firms will set higher real wages in steady state and employ
fewer workers.

This results may be affected by the calibration of the model. For example, a greater variance in
productivity shocks compared to demand shocks could change how parameters affect the long-run
NAIRU.

5. Conclusion

We construct a model of the labour-market that can generate the asymmetric dynamics of
unemployment in the data (given symmetric shocks) and can be used to study the implications for
inflation. We find that endogenous layoffs, a ‘slippery’ job ladder, downward nominal wage rigidity,
and convex recruiting costs are the key frictions that produce the asymmetric dynamics. The model
can generate a substantially positive skewness in unemployment changes, which is a feature of the
data but not most existing structural models of the labour market. The model implies that the short-
run Phillips curve is nonlinear and state-dependent, and that the short-run NAIRU fluctuates cyclically
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and asymmetrically, tending to increase when unemployment is above trend, but may not decline
when unemployment is below trend. The long-run NAIRU is affected by cyclical factors (e.g. shock
volatility, nominal rigidities, policy regime), because the nonlinear cyclical dynamics and aggregate
risk interact to affect firms’ expectations and employment decisions even in the absence of shocks.
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Appendix A: Further model details

A.1 Equilibrium conditions
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λ EEÑt−1 +1− Ñt−1
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λ N
t

Wt
+ εQ

t Qt(1−δ )Ñt−1(x
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A.2 Calibration

Labour flows and stocks: In steady state, hires from unemployment equal quits to unemployment
and layoffs:

Hu =
(
Qu + F̃s)N +Gδ uHu.

Therefore:

Hu =
Qu + F̃s

1−Gδ u N

EU =
Qu + F̃s

1−Gδ u

We set G = 0.8 and δ u = 1. Then we set steady state values for N, Qu, and F̃s so that the stochastic
steady states for N, UE, and EU match their values in the data (somewhere between 2019 values
and 2025 values, which means around 4-4.5% unemployment, 20-25% UE rate, and 1% EU rate).
We assume the quit-to-unemployment rate is around 0.2%, so the layoff rate is around 0.8%, and
the secure layoff rate is around 0.05%.17

We set the steady-state EE rate to try to match its value in the data (around 1-1.5%).

Match productivity distributions: We set δ = 0.1, so that 10% of employees draw a new
productivity each month (and can be laid off). Setting δ too high means that match productivities
are not very persistent and so have little effect on expected match surplus. Setting δ too low means
that layoffs cannot rise much.

We assume that firms do not know the productivity of unemployed matches, so they accept all of
them (Fu = 0).

The match productivity distributions F , Fu and G are all truncated lognormal. We set the mean of the
main distribution µx = 0.1 and the mean of the distribution for unemployed matches µx,u = −0.5.
The wage of newly hired unemployed workers is a fixed amount lower than the aggregate wage:
Wt −W u

t = ξ = 0.5. The standard deviation of the distribution that new hires out of unemployment
draw from after their first period, G, is set to be 3 times larger than the standard deviations of the
main distribution F and the distribution for unemployed matches before they are hired Fu.18 The
remaining parameters of the distributions (i.e. the truncation point, the standard deviation, and the
mean of G) are then determined by the steady-state flows.

Matching function and recruiting costs: The matching function elasticity α = 0.5. The convexity
parameter for recruiting costs is set χ = 4. We assume no training cost, κT = 0, and then κ and κv

are calibrated so that 20% of total recruiting costs are per-vacancy, while 80% are per-match.
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17 Assuming a lot of insecure layoffs and few secure layoffs in steady state (i.e. high G) helps to generate skew in
unemployment changes and slow recoveries. In the Dupraz, Nakamura and Steinsson model, the exogenous separation
rate for insecurely-attached workers is 96%, compared to 0.02% for securely-attached workers. They say this is the
order of magnitude required to generate slow recoveries.

18 A higher variance for G seems to help generate skewness in unemployment changes.
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Wage setting: The hiring and quits elasticities are
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The steady-state flow rates determine λ EE and λ EU . We set b = 0.75. In steady state:
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As γ →∞ (i.e. idiosyncratic preferences become unimportant), recruitment and separation elasticities
become infinite, and W approaches a weighted average of xa, xa,u and xa,m, while λ N converges to
slightly above 0 (if λ Hu

= λ N), then λ N → 0). As γ → 0 (i.e. idiosyncratic preferences entirely
determine job choices), recruitment and separation elasticities go to zero, and W → 0. The wage
markdown expression differs from the standard ε

1+ε because the elasticities are multiplied by
S

1−β
(

1− 1
1+χ S

) . This is because the elasticity applies only to hires in a given period (S), but firms

account for the surplus over the expected lifetime of the match.

We set γ = 100, so the wage markdown is very small. This helps to generate sufficiently large
responses in unemployment, especially in layoffs.19

For wage adjustment costs, we need to choose a function ϕ w(Πw). We set ϕ w to 2500 when nominal
wages growth is above Π̄w = (1/1.005)(1/12) (i.e. 0.5 percent below steady-state inflation) and
20000 when it is below Π̄w.

Price setting: We set θ = 7.87 (a standard value in the New Keynesian literature). Price stickiness
ϕ p = 2500.

Policy: We set γ p = 1
48 , which implies that policymakers place four times as much weight on

annualised inflation compared to unemployment in their policy response.

Shocks: The shocks are AR(1) processes with persistence 0.96. The standard deviations are scaled
so that the variance of unemployment matches its variance in the data.

A.3 Solution method

The state variables are Ñt−1, Wt−1, L̃t−1 and the exogenous shocks At and Mt .

We use policy function iteration to solve for the equilibrium. We approximate λ Ñ
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are piecewise linear functions of the state.

Ideally, we would like to choose variables that can be well-approximated as piecewise linear functions
of the state. This is why we choose to approximate e.g. ΨtΠ

w
t instead of Πw

t . Expectations would work

19 Dupraz, Nakamura and Steinsson similarly have only a very small wage markdown. It is well known in the literature that
search and matching models can struggle to match unemployment data unless match surplus is very small.
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well, because averaging over possible future states ‘smoothes out’ nonlinearities. The expectations
in the model are λ Ñ

t , λ L̃
t and

E p
t = IEtΦ

′
t+1Πt+1

Yt+1

Yt

Ew
t = IEtΨ

′
t+1ΠW

t+1
Wt+1Nt+1

WtNt
.

Given values for these variables, all period t variables are determined. But solving the intratemporal
equilibrium conditions to get period t variables requires solving a complicated system of nonlinear
equations. So we have chosen variables which mostly allow us to solve the intratemporal conditions
directly.20

Similarly, we could also instead just approximate four variables, which would likely require fewer
iterations and could be more accurate. But approximating five makes it easier to solve the
intratemporal equilibrium conditions, so each iteration is faster.

20 There is one equation that we cannot solve directly. To avoid using a nonlinear solver within each iteration, we first solve
it on a grid before starting the policy function iteration. Then we use this approximate solution in each iteration.
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Appendix B: Further results

Table B1: Moments for undetrended Australian and US data
Model Aus 1985–2019 US 1990–2019

Unemployment rate
Standard deviation 1.46 1.79 1.60
Skewness 1.12 0.68 0.88
Skewness of changes 1.37 1.60 2.01
UE rate
Standard deviation 3.22 2.45 4.25
Skewness -0.38 0.30 -0.49
Skewness of changes -0.74 -0.61 -0.40
EU rate
Standard deviation 0.19 0.25 0.21
Skewness 0.52 0.60 0.13
Skewness of changes 2.02 0.63 0.91
Notes: Data is not detrended. See Table 1 for moments using detrended Australian data.

Table B2: Moments for different versions of model
Data Model Insecurely

attached
workers
+ convex
recruiting
costs

DNWR +
convex

recruiting
costs

DNWR +
insecurely
attached
workers

DNWR Insecurely
attached
workers

Convex
recruiting
costs

None

Unemployment rate
Standard deviation 1.56 1.44 1.45 1.47 1.46 1.47 1.48 1.49 1.47
Skewness 0.59 1.10 0.87 0.96 1.02 0.92 0.91 0.71 0.66
Skewness of changes 1.71 1.30 1.15 0.25 0.84 0.13 0.73 0.18 0.11
UE rate
Standard deviation 2.42 3.25 3.78 1.70 5.55 1.77 6.41 2.03 1.97
Skewness 0.40 -0.35 -0.15 -0.60 -0.14 -0.16 -0.02 -0.38 -0.04
Skewness of changes -0.62 -0.71 -0.65 -0.12 -0.14 0.01 -0.12 -0.07 -0.01
EU rate
Standard deviation 0.19 0.18 0.19 0.33 0.20 0.35 0.23 0.36 0.39
Skewness 0.57 0.48 0.23 0.81 0.86 0.81 0.72 0.62 0.62
Skewness of changes 0.69 1.97 1.75 -0.07 0.67 0.01 0.60 -0.05 0.02
Notes: The ‘Data’ column is based on detrended Australian data from 1980 to 2019. The ‘Model’ column includes all three frictions.

The next three columns remove one friction at a time. The next three columns remove two frictions at a time. The last column
removes all three frictions.
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Figure B1: Labour-market component of inflation

Note: The actual inflation measure is trimmed mean inflation excluded tax and interest changes. The construction
of the simulated inflation measure is described in Section 4.

References

Abbritti M and S Fahr (2013), ‘Downward wage rigidity and business cycle asymmetries’, Journal
of Monetary Economics, 60(7), pp 871–886.

Adjemian S, F Karamé and F Langot (2021), ‘Nonlinearities and workers’ heterogeneity in
unemployment dynamics’, IZA Discussion PapersTechnical report.

Ballantyne A and T Cusbert (2025), ‘The nairu under anchored inflation expectations’, Australian
Economic Review, 58(3), pp 224–235.

Benigno P and GB Eggertsson (2023), ‘It’s baaack: The surge in inflation in the 2020s and
the return of the non-linear phillips curve’, National Bureau of Economic Research Working Paper
No 31197. http://www.nber.org/papers/w31197

Benigno P and GB Eggertsson (2024), ‘The slanted-l phillips curve’, AEA Papers and Proceedings,
114, pp 84–89.

Benigno P and L Antonio Ricci (2011), ‘The inflation-output trade-off with downward wage
rigidities’, American Economic Review, 101(4), pp 1436–1466.

Blanchard O and J Galí (2010), ‘Labor markets and monetary policy: A new keynesian model with
unemployment’, American economic journal: macroeconomics, 2(2), pp 1–30.

Bloesch J, SJ Lee and JP Weber (2024), ‘Firm wage setting and on-the-job search limit wage-
price spirals’, Federal Reserve Bank of New York Working Paper No 1126.

Daly MC and B Hobijn (2014), ‘Downward nominal wage rigidities bend the phillips curve’, Journal
of Money, Credit and Banking, 46(S2), pp 51–93.

http://www.nber.org/papers/w31197


27

Dupraz S, E Nakamura and J Steinsson (2019), ‘A plucking model of business cycles’, National
Bureau of Economic Research Working Paper No 26351.

Dupraz S, E Nakamura and J Steinsson (2025), ‘A plucking model of business cycles’,
Journal of Monetary Economics, 152, p 103766. https://www.sciencedirect.com/science/article/pii/
S0304393225000376

Faccini R and L Melosi (2025), ‘Job-to-job mobility and inflation’, The Review of Economics and
Statistics, 107(4), pp 1027–1041.

Ferraro D (2018), ‘The asymmetric cyclical behavior of the u.s. labor market’, Review of Economic
Dynamics, 30, pp 145–162. https://www.sciencedirect.com/science/article/pii/S1094202518302023

Ferraro D (2023), ‘Fast rises, slow declines: Asymmetric unemployment dynamics with matching
frictions’, Journal of Money, Credit and Banking, 55(2-3), pp 345–676.

Friedman M (1964), ‘Monetary studies of the national bureau’, The National Bureau Enters Its 45th
Year, 44, pp 7–25.

Fujita S and G Ramey (2007), ‘Job matching and propagation’, Journal of Economic dynamics and
control, 31(11), pp 3671–3698.

Fujita S and G Ramey (2012), ‘Exogenous versus endogenous separation’, American Economic
Journal: Macroeconomics, 4(4), pp 68–93.

Hall RE and M Kudlyak (2022), ‘Why has the us economy recovered so consistently from every
recession in the past 70 years?’, NBER Macroeconomics Annual, 36(1), pp 1–55.

Hall RE and M Kudlyak (n.d.), ‘The active role of the natural rate of unemployment’, , .

Kim J and FJ Ruge-Murcia (2009), ‘How much inflation is necessary to grease the wheels?’,
Journal of Monetary Economics, 56(3), pp 365–377.

Lepetit A (2020), ‘Asymmetric unemployment fluctuations and monetary policy trade-offs’, Review
of Economic Dynamics, 36, pp 29–45.

McKay A and R Reis (2008), ‘The brevity and violence of contractions and expansions’, Journal of
Monetary Economics, 55(4), pp 738–751.

Mercan Y, B Schoefer and P Sedláček (2024), ‘A congestion theory of unemployment
fluctuations’, American Economic Journal: Macroeconomics, 16(1), p 238–85.

Moscarini G and F Postel-Vinay (2023), ‘The job ladder: Inflation vs. reallocation’, National
Bureau of Economic Research Working Paper No 31466. http://www.nber.org/papers/w31466

Petrosky-NadeauN, L Zhang and LAKuehn (2018), ‘Endogenous disasters’, American Economic
Review, 108(8), p 2212–45. https://www.aeaweb.org/articles?id=10.1257/aer.20130025

Pizzinelli C, K Theodoridis and F Zanetti (2020), ‘State dependence in labor market fluctuations’,
International Economic Review, 61(3), pp 1027–1072.

https://www.sciencedirect.com/science/article/pii/S0304393225000376
https://www.sciencedirect.com/science/article/pii/S0304393225000376
https://www.sciencedirect.com/science/article/pii/S1094202518302023
http://www.nber.org/papers/w31466
https://www.aeaweb.org/articles?id=10.1257/aer.20130025


28

Schmitt-Grohé S and M Uribe (2022), ‘Heterogeneous downward nominal wage rigidity:
Foundations of a nonlinear phillips curve’, National Bureau of Economic Research Working Paper
No 30774. http://www.nber.org/papers/w30774

Sichel DE (1993), ‘Business cycle asymmetry: a deeper look’, Economic inquiry, 31(2), pp 224–236.

http://www.nber.org/papers/w30774

	Introduction
	Model
	How well can we match the dynamics of the labour market in the data?
	Phillips curve and NAIRU
	Conclusion
	Appendix A: Further model details
	Appendix B: Further results
	References

